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PREFACE. 

With the development of such methods of studying the arrangement of 
the atoms in crystals as are furnished by the phenomena of the diffraction 
of X-ra3n9, the geometrical theory of space groups becomes of the utmost 
importance. Until recently the work published upon this theory has been 
directed primarily toward the preparation of a statement of all the different 
kinds of symmetry (groupings of elements of symmetry) which are crystal- 
lographically possible. 

This statement, to be complete, must necessarily give all of the possible 
ways of arranging points in space which, by their arrangement, will express 
crystallographic symmetry. In its most general form such an analytical 
expression of the results of this theory was given by Schoenflies.* Before 
it is applicable to the study of the structures of crystals, however, modifica- 
tions in this original representation are necessary. First, there must be 
selected such a portion of the grouping that in its calculated effects upon 
X-rays it can be taken as typical of the entire arrangement. It is thus 
necessary to state a space group in terms of the equivalent positions which 
lie within a unit cell rather thim by giving, as Schoenflies does, the equiva- 
lent positions about one point of the lattice imderlying the grouping. This 
rather obvious modification has of course been made by those who have 
used the space groups as a guide in studying crystals. The second modifi- 
cation, or rather amplification, is not so readily made. The X-ray experi- 
ments which have already been carried out show that the number of particles 
(atoms) contained in the imit cell is commonly smaller than the nmnber of 
most generally placed equivalent points of the space group having the sym- 
metry of the crystal. The special arrangements of the equivalent points 
(upon axes, planes, and other elements of symmetry), whereby the nmnber 
of most generally placed equivalent positions is reduced, are thus of great 
importance and it becomes essential to be able to state all of them in any 
particular case. Nigglif has already given the simpler of these special cases. 
For some time the writer has been engaged in working out all of them and 
the following tables are an expression of the results of these computations. 

It was the original intention simply to state these results and to outline 
the method whereby they were obtained. The writer is firmly convinced, 
however, that sure and definite progress in this relatively new field of crystal 
structure can be realized only by making the fullest possible use of the added 
information which the theory of space-groups furnishes; and since any dis- 
cussion of this theory is almost completely absent from work published in 
English, it has seemed worth while to add a brief introduction in order to 
give such details of the space groups and of their development as seem to 
furnish sufficient background for the appreciation of the importance of the 
theory in this new field of physical science. 

• Kryftalloriteme imd Kiystallftniotar (Leijwic 1891). 

t OtometriaelM Kiyttallographie das Diaoontinuumt (XMpng, 1010). 

m 
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IV PREFACE. 

At present a knowledge of the method of derivation is not required by 
the crystal analyst or by the person primarily interested in using the results 
of such X-ray studies. Those interested in the theory as a geometrical 
problem will of course find the development thoroughly given by Schoenflies. 
In the only publication available to English readers Hilton* has summarized, 
in exceUent form, the work of Schoenflies, introducing at the same time some 
of the methods of representation employed by Federov. A thorough under- 
standing of the manner of developing the theory, however, is best attained 
from a study of the original work of Schoenflies. The discussion in the pres- 
ent book is intended for those who wish only to get a sufficient idea of the 
natiure of the results of the theory of space-groups so that these results 
can be inteUigently \ised. 

For the substance of this discussion the writer's obligation to Schoenflies 
is obvious; the work of Hilton has also been used with entire freedom. In 
the book to which reference has already been made Niggli has given the 
positions within the unit cell (of each space-group) of all of its elements of 
synmietry. This information, while of no aid in the actual determination 
of the structures of crystals, may prove useful in the attempt to derive from 
these structiu^s additional information, such as that bearing upon the internal 
symmetries of their constituent atoms. In comparing the partial analytical 
expression given by Niggli with his results based directly upon those of 
Schoenflies, the writer found that particularly in the case of the tetragonal 
space-groups there were many differences, owing chiefly to the choice of 
different points as the origin of coordinates. Because of the possible 
usefulness of the additional data relating to the positions of elements of 
symmetry that are furnished by Niggli, it has seemed desirable, in spite of 
some loss of logicality, to recalculate these groups so that they would accord 
with those already published. Similar differences exist in orthorhombic and 
monoclinic groups; the changes necessary to reconcile the two descriptions 
are in these cases sufficiently obvious, however, that it has seemed worth 
while only to indicate in some more or less illustrative instances the nature 
of the translations necessary to bring about a general coincidence. 

The writer wishes to express his gratitude to Dr. S. Nishikawa for the 
advice and criticism given him when in 1917 he began to familiarize himself 
with the theory of space-groups. 

Geophysical Laboratory, 

Af arcft, WSl. 

* Matbematieal Crystallography (Oxford, 1903). 
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CHAPTER I. 
HISTORICAL INTRODUCTION.* 

The investigation of the structure of crystals involves the study both of 
the substance from which the crystals are made and of the way in which this 
material is arranged in space. Until very recently, practically aU of the 
information bearing upon the first of these points has arisen from the reaUza- 
tion of the probable physical reality of the chemical atom. How these 
atoms are associated together in crystals and whether the chemical mole- 
cule, or some other aggregate of atoms, has the significance in solids which 
it possesses in gases and Uquids are questions which have been answered 
only by conjecture and inference. The development in the other direction, 
however, presenting a problem which in its most general statement is inde- 
pendent of current hypotheses concerning the natiure of the material from 
which crsrstals are built, has been capable on the other hand of a far-reaching 
and apparently satisfactory growth. 

In the days when an atomic structure of matter was a crude working 
hypothesis without any basis in experimentally determined fact, we find 
Robert Hookef reproducing the forms of alum by properly piling up "a 
company of bullets and some few other very simple bodies," very much as 
we represent the structure of a crystal on the basis of X-ray measurements. 

It was the phenomenon of regular cleavage, however, that supplied the 
evidence upon which early hypotheses of the regular arrangement of the 
material of crystals were based. For instance, Westfeldt considered calcite 
as built up of tiny rhombohedrons; and Bergman,§ basing his beUefs partly 
on the observation of Gahn that a skalenohedron of calcite yields a rhombo- 
hedron on cleaving, developed what might be called the first geometrical 
theory of crystal structure. For just as the crystals of calcite could be 
considered as an aggregate of minute rhombohedrons placed parallel to one 
another, so garnet or pyrite or other crystals can be developed similarly from 
certain fundamental forms. These ideas seem to be essentially the same 
as those held by Hauy.^ He, also, considered cleavage as the guiding 
factor. The cleavage luiits, his molecules integranteSf were either tetrahedra, 
triangular prisms, or parallelopipeda, and he showed how crystals with vari- 
ously developed faces could be represented by the aggregation of these units. 
These ideas of Hauy were built aroimd the law of rational indices, though 
they were fundamentally independent of it. Many objections to the details 
of the hypothesis of Hauy arose, as indeed they must arise against any theory 
based primarily upon cleavage. Not only does the existence of the many 

* Most of the material for this introduction is siven by L. Sohncke, Entwickelung einer 
Theorie der KrystaUBtmktur (Leipiig, 1870). It ia siven in English and brought up to date in a 
report of the Brit. Anoo. 207-337. 1001. 

t Miorographia (London, 1605), p. 85. 

iMineralogiache Abhandlungen, StQck I. 1707. 
Nov. Acta. Reg. Soo. Se. Upaal. 1773. i; Opuac. (UpeaU) 1780, ii. 
f Eaiai de Criatallographie (Paris) 1772; ete. 
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HISTORICAL INTRODUCTION. 



crystals which show no cleavage necessitate many supplementary hypotheses, 
but the observed cleavage of such substances as fluorite (with octahedral 
cleavage) is not readily accounted for by any kind of close-fitting imits. 

Simultaneously with the extension of the belief in the atomic nature of 
substances, and perhaps because of this beUef, emphasis came to be shifted 
from the shape of the crystal imits to the relative positions of their centers 
of gravity as centers of some sort of crystal molecules. Thus there evolved 
from these different speculations the basis for a suitable geometrical study 
in the definite conception of a crystal as composed of units of undefined shape 
repeated in some regular fashion throughout space. 

In such a regular pattern for repeating the crystal unit we have a space 
lattice. All of the symmetrical networks of points which can have crystallo- 
graphic symmetry were found geometrically by Frankenheim.* Some years 
later this was done more accurately and rigidly by Bravais.t As a result of 
his work, Bravais looked upon a crystal as built up by placing units of a 
suitable symmetry all in the same orientation at the points of one of these 
symmetrical networks. Thus the imit of a cubic crystal might have cubic 
or even tetrahedral symmetry, but it could not, for instance, have monoclinic 
or hexagonal symmetry. As a matter of fact, Bravais thought of his units 
as groups of atoms forming some sort of a crystal molecule, though such a 
view is not a necessary part of the geometrical development. In this theory 
of Bravais, in which a crystal is composed of aggregates of atoms repeated 
regularly and indefinitely through space, is to be found the beginning of an 
adequate treatment of the possible groupings of matter in crystalline bodies. 
The objections to Bravais' theory, however, are many and obvious. In the 
first place, all of the space lattices have the complete symmetry of some one 
of the crystal systems, so that, in order to account for the lower degrees of 
symmetry, it was necessary for him to ascribe the degradation in such cases 
to the shape of the crystal units, or molecules, without at the same time 
being able satisfactorily to treat these units. Again this theory implies a 
distinct restriction, and one which had not been proved necessary, that aD 
of the crystal molecules must have the same orientation throughout the 
crystal. 

In the course of a general study of the theory of groups of movements 
Jordan^ gave a perfectly general method for defining all of the possible ways 
of regularly repeating an identical grouping of points indefinitely throughout 
space. By combining this treatment of Jordan with the principle (laid 
down by Wiener) that regularity in the arrangement of indentical atoms is 
attained when "every atom has the other atoms arranged about it in the 
same fashion," Sohncke§ eventually deduced all of the typical ways of regu- 
larly repeating identical groupings of atoms throughout space so that the 

* Die Lehre von der Coh&sioii (Breslau, 1835). 

t Joum. de r£oole Polytech. (Paris) XIX, 127. 1860; XX. 102. 1861. 
I Axmali di matematica pura ed applicata (2) e, 167, 215, 322. 1869. 
§ L. Sohnoke, op. dt. 
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HISTORICAL INTRODUCTION. 3 

total assemblage will possess crystallographic symmetry.* This method of 
treatment in attacking the problem of the arrangement of the points within 
what was the crystal unit or molecule of Bravais brings the problem towards 
its final solution. 

None of the systems of Sohncke can be made to account in an entirely 
satisfactory manner for the enantiomorphic (mirror-image) characteristics of 
many crystals. Schoenfliesf was led to consider that every point of an 
assemblage must have all of the other points ranged about it in a ''Uke fash- 
ion/' where ''likeness" may refer either to an identical arrangement or to 
a mirror-image similarity. Starting from this basis, he obtained the 230 
space groups which represent all of the possible t3rpical ways of arranging 
(symmetry-less) points in space so that the grouping will possess the sym- 
metry of one of the thirty-two crystal classes. The same derivation of the 
space groups was accomplished independently by FederovJ and by Barlow, 
but at present the work of Schoenflies is the most useful because it is pre- 
sented in a form that is of inmiediate appUcation. With the aid of this 
final theory of space groups the different degrees of synunetry exhibited by 
crystals can at last be traced back definitely and precisely to the arrangement 
of the atoms in the crystals (without postulating any characteristics of sym- 
metry for them). 

Besides indicating the elements of S3rmmetry which are characteristic of 
each of the 230 typical ways of arranging points in space, Schoenflies gives, 
in general terms, the coordinates of the points in each of these groupings 
which are equivalent to one another. 

The discovery of the diffraction of X-rays and the consequent develop- 
ment of the physical methods for studying the structure of crystals have made 
this analytical expression of the results of the theory of space groups of the 
utmost importance. It is the purpose of the present work to give these 
results a detailed expression, thereby putting them into a form in which they 
will be immediately useful as an aid to the study of the arrangement of the 
atoms in crystals. X-ray experimentation thus far carried out shows that 
the special cases which result when equivalent points (the atoms in crystals) 
he in some element or elements of symmetry, such as axes or planes, are the 
ones which are physically most important. As a consequence the prepara- 
tion of this detailed expression, in so far as it introduces material which is 
not outlined in the work of Schoenflies, has made necessary the working out 
of all of these special cases for all of the space-groups. 

* At first Sohncke seems to have been inclined to view all of the points of a point oystem as 
regular and all of one kind. When the insuflSciency of this theory was emphasised he postulated 
the presence of a few different kinds of points (which can be made to correspond with different 
kinds of atoms). The partial grouping composed of the points of any one kind is homogeneous; 
at the same time the different groupings all have the axes and the other elements of S3rmmetry 
in common. 

t A. Schoenflies. Kiystallsysteme u. Kiystallstruktur (Leipzig, 1891). 

t E. Federov. Z. Kryst. £4* 209. 1895; W. Barlow. Z. Kiyst. es, 1. 1894. Federov*s work 
appeared, in Russian, before that of either of the other two. 
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CHAPTER IL 

NATURE OF THE SPACE -GROUPS. 

ELEMENTS OF SYMMETRY. 

Axes of symmetry. — An axis of rotation of a figure* is a line about which 
the figure can be rigidly turned. The angle of the rotation is the angle 
between the final and initial positions of a plane which contains the axis 
of rotation. A figure is said to possess an axis of symmetry when rotation 
through a definite angle about an axis of rotation will cause the figure to 
assume the same point-for-point configuration that it originally possessed. 
The angle of the rotation about an axis which is required to bring about 
this coincidence is called the angle of the axis of symmetry. Every figure 
has an infinite number of 2ir axes of symmetry; that is, a complete rotation 
of 360^ about any line through a body will cause it to assume its original 
configuration. The operation of such a 2t (one*fold) axis is called the iden- 
tical operation of symmetry (or simply the identity). If a rotation of 180** 
is sufficient to effect a coincidence, the axis of rotation is a 180^, or two-fold 
axis of symmetry; more generally, an n-fold axis of symmetry is one for which 

2ir 
a rotation of angle — brings about coincidence. One-, two-, three-, four- and 
n 

six-fold axes are foimd in crsnstals (and in figures possessing crystallographic 

symmetry). (Figure 1.) 
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Fig. 1. The crystaUographioaUy significant rotational axes of symmetzy. 



Plane of symmetry. — ^In figure 2 the line POP' is perpeiidicular to the plane 
ABCD. K then PO equals OP' in length, the point P' stands in a mirror- 
image relation to the point P. If a plane can \>e passed through a figure so 
that every point of the figure upon one side of this plane has a corresponding 



* By a ficura ia meant 



any sort of a collection of points, lines, planes, and so on. 
4 
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ELEMENTS OF SYMMETRY. 5 

point in a mirror-image position upon the other side of the plane, the plane 
is a plane of symmetry. 

Center of eymmetry. — A point of a figure is a center of symmetry if a line 
drawn from any point of the figure to it and eictended an equal distance 
beyond will encoimter a point corresponding to the arbitrarily chosen point. 
(Figure 3.) 



J^ C 

Jt I s 



Fig. 2. 




FiQ. 3. is the center of symmetry of a figure in 
which P and Pi are correspondhig points. 

Screvhoxea of symmetry. — ^A figure is said to experience a translation when 
every point of the figure is moved by the same amount in the same direction. 
A rotation about an axis accompanied by a translation along the axis of 
rotation is called a rbtaty translation. This screw-motion mivst be defined 
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both by the sa^ of the rotalioii and by the amoiiiit of Hie 
The ndi of the foCAtkn (and the fine of the tnuHhUaon) ie edDed a 
If iiieh a lolaiy tnawJatifln wiD bring the paints of a figore into 
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ineidenoe, the uis of the motion is a acrew-axifl of symmetry. In a figure 
having ciystallographic symmetry these screw-axes may be one-, two-, three-, 
four- or six-fokL (Figure 4.) 

Glide planeB cf symmetry. — ^If a figure 
can be brought into point^or-point co- 
incidence by a reflection in a plane 
combined with a translation of a defi- 
nite length and direction in the plane, 
the plane is called a g^iide phme of 
symmetry. In this case the translar 
tion-reflection must be defined both by 
the position of the plane and by the 
length and direction of the translation. 
(Figure 5.) 



^^ 
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POINT-GROUPS. 
The thirty-two ways of suitably com- 
bining these planes, axes, and centers 
of sjrmmetry give the elements of sym- 
metry which are characteristic of the 
32 classes of crystallographic symme- 
try. Each one of these combinations of 
symmetry elements is a point-group. Thus, a point-group may be defined by 
stating either the elements or operations'^ of sjrmmetry which characterize it. 

* Br aa opsrstloB of Qnnmotiy b mMBt any mxmmukt which wiU brins about a poiai-f or- 
For tiiiUaoa. a afat-fold aria of rotation powewti m% opwationa of ^ymmtry 



Fio. 5. Pi is a glide reflection of P in the 
plane ahoim in the figure. 
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THE NATURE OF THE POINT-GROUPS. 7 

The elements of Bymmetvy characteristic of each of the 32 point-groups 
will now be given. 

The cyclic groups have only one axis of synunetry. They may be written 
symbolically as 

-{41)}. 

where n may be either 1, 2, 3, 4 or 6. A will be taken as the symbol of a 
rotation so that the term within the braces is to be considered as defining a 

2ir 

rotation of angle — . 

2t 
Dieder-groups have one principal axis of sjrmmetry of angle — and n two- 
fold axes in a plane at right angles to the principal axis. 

d.-{a(^),„}, 

where U (Umklappung) will be used to represent the two-fold rotation of 
the secondary axes. The value of n may be 1, 2, 3, 4 or 6. The group Di 
is clearly identical with Cj, however. The positions of the axes of the other 
groups are shown in figure 6. The group for which n=2 furnishes the spe- 
cial case of three two-fold axes at right angles to one another; this group is 
more commonly known as the vierer-group and is designated as V. 




The tetrahedral group (symbol »T) has 3 two-fold axes at right angles 
to one another (like the vierer-group) and 4 three-fold axes so placed that if 
the two-fold axes are taken to bisect the sides of a circumscribed tetrahedron, 
the 4 three-fold axes will each one pass through the point of intersection of 
the two-fold axes and through one of the comers of the tetrahedron (figure 7). 

The octahedral group (sjrmbol^O) has 3 four-fold, 4 three-fold, and 6 
two-fold axes arranged in the same manner as are the altitudes, the body- 
diagonals, and the face-diagonals of a cube (figure 8). 

The groups which have so far been considered require only simple rota- 
tion axes for their expression; they ore commonly called groups of the first 
sort. Those that now follow are groups of the second sort. 
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8 THE NATURE OF THE POINT-GROUPS. 

Cyclic\group6 of the second sort possess one screw-axis of symmetry 

where the symbol in brackets may be taken as a rotary translation of angle 

2ir 

— . The value of n may be 1, 2, 3, 4 or 6. When n= 1 the rotary translation 

is clearly equivalent to a reflection in a plane at right angles to the axis of 
rotation. Thus, in figure 9a the rotary translation of angle 2v will bring 
the point P to the position Pi; this operation is, however, equivalent to a 





reflection in the plane through O normal to pp', where Op is equal to one- 
half of the length r of the translation component of the rotary translation. 
When n=2, the resulting rotary translation Op is equivalent to an inversion 
through the point O of figure 9b. These two groups may thus be written 

Ci-{A(2t)} = {S} and C,= {A(ir)}-{I} 

where S (Spiegelung) stands for a reflection and I for an inversion. In a 
similar fashion it will be seen that when n^^, this group is identical with 

one obtained by combining a rotation Af 2) with a reflection S^ in a hori- 
zontal plane of symmetry. Thus 



='-Ki)}-Ki>^}-^- 



Other groups of the second sort can be obtained by combining a principal 
axis of rotation with a plane or with a center of symmetry. Three types of 
such groups having but one axis of symmetry are possible: (1) when the plane 
of synmietry is normal to the axis of synmietry (a horizontal reflecting plane), 
(2) when the plane of symmetry contains the axis of symmetry (a vertical 
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reflecting plane) and (3) when the new element of symmetry is a center of 
synmietry. These three types may then be written 

(1) C5= {Cn, Sh} (2) C;= {Ca, 8t} (3) C^= {Cn, I) 

It can be shown that if n is odd, all three of these types are possible. When, 
however, n is even, the nmnber of different groups for any value of n is but 
two. The groups of this sort that are thus possible are the following: 

When n«l. — The group CJ is clearly the same as the group Cl; further- 
more it is identical with the group Ci. Similarly the group Ci is identical 
with the group C3. 





Fig. 8. 

When n»2, 4 or 6. — C?=Cli, so that groups of the types CS=*CL and C; are 
possible. 

When ns3. — Pointrgroups of all three types are possible. 

Some new groups arise by combining the axes of a group of the type D^ 
with a reflection plane. The plane of sjmunetry may lie in the horizontal 
position (normal to the principal axis of symmetry); if it lies in the vertical 
position new groups will be obtained only when the plane bisects the an^e 
between secondary axes (a diagonal plane). It can furthermore be shown 
that in the latter case groups of crystallographic significance will be obtained 
only when na2 and when n«3. Thus, when n»2, 3, 4, or 6, we have the 
new groups 



D5'»V»', DJ«V«, Df, 



DH, 



The groups 7^ and T^ arise from the tetrahedral group, T, by combining 
the axes of T with a horizontal and with a diagonal-vertical reflecting plane, 
respectively. One new group, O'', can be produced from the octahedral 
group 0. 

All of the 32 groups have now been defined. On the basis of their total 
symmetiy these 32 point-groups can be placed in 6 (or 7) systems, the i^stems 
of crystaUographic S3rmmetry.* This classification of the point-|pt>upe is 
given in Table 1, together with the names of the classes of crystal symmetry 
(according to Schoenflies, Dana, and Groth) corresponding to each. 

^ A basifl for this daanfleation will become evident when the point-groups an disousaed sep- 
arately and given an analytical eipression. 
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NOMENCLATURE OF THE POINT-GROUPS. 
Table 1. 









1^- 


8ymb<^ 


Cla« of symmetry. 




Z'S'st 




BcBonrFLiM. Dana. 


QaoTH. 












1. Ct 




AaymmeCrie pedial 




2. Cf-8t-Ci 


Holohedry Normal 


Pinaooidal 






II. Monoclinio ■yatem. 






8. Ci-C^-C. 




Domatie 




4. Ct 




Monoclinio ephenoidal 




5.C? 


Holohedry Normal 
III. OrthorhomUe ayatem. 






e.c; 


HflBiimarphio hamihedry Hemimorphio 


Rhombio pyramidal 




7. D.-V 


EDantiomorpbiohemikedry Sphenoidal 






8. dJ-V»» 


Holohediy Normal 








IV. Tetnconal ayetem. 






N ». Si-Ci 


Tetartohedryofaecondaort Tetartohedral 






>10. V**-Df 








" 11. C4 


Tetartohediy Pyramidal hemimorphie 


Tetragonal pyramidal 




\ 12. Cj 


Paramorphio hemihedry Pyramidal 


Tetragonal bipyramidal 




18. Cj 








^14, D« 




Tetragonal trapesohedral 




M6. dJ 


Holohedxy Normal 
V. Cufaio aystem. 




le 


16. T 


Tetartohedry Tetartohedral 










eahedral 


12 


17. T* 






24 


18. T* 






24 


19. O 






24 


20. O** 


Holohediy Normal 
VI. Hengonal ayatem. 


Hexadaoctahedral 


48 


21. Ci 


Tetartohedry 24. 


Trigonal pyramidal 


8 


M.CJ 


aecondaort 


Rhombohedral 


6 


28. Cj 


Hemimorphio hemihedry Ditriconal pyramidal 




6 


1^ 


Boantiomorphie hemihedry Tirapeaohedral 




6 


Holohedry Bhombohedral 




18 


».c{ 


H^xofiOHOl Di9i9iotk 






Trigona] paramorphio hemi- 28. 


Trigonal Upynunidal 


6 


27. dJ 


hedry 






I^ooal hdlohedry Trigonotype 


f)itrigonal bipyramidal 


18 


28. C. 
20. Oj 






6 


Paramorphio hemihedry Pyramidal 


Hexagonal bipyramidal 


12 


80.0]^ 


Hemimorphie hemihedry Hemimorphie 


Dihexagonal pyramidal 


12 


81. D* 




Hexagonal trapesohedral 


12 


"■^ ... 


Holohedry Normal 




24 



Note. — ^It may be remarked that the numbers of the first column have no particular sig- 
nifipf^O^ and do not refer to any of the current systems of designating symmetry classes. 
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The andlyHeal expression of the poinJlrgroupe. — On the basis of the defini- 
tions of the 32 point-groups, the operations of ssrmmetiy (footnote on page 6) 
that characterize each of them can be immediately written. Furthermore^ 
it is evident that if any point, x, y, z, is subjected to each of the operations of 
a point-group, a group of equivalent points will result whose symmetry is 





Fio. 9. 

that of the point-group; thus its analytical expression is obtained. The 
operations of symmetry which are characteristic of each of the point-groups 
inSi now be stated and through them analytical representations given to each 

of these groups. 

TRICLINIC SYSTEM. 

PoitU-ifroup Ci. — ^ThiB group has but one element of symmetry, the identical 
operation (symbol »1). Since the identity brings any point x, y, z into 
coincidence with itself, any single point, xyz, serves as an analytical rep- 
resentation of this group. The coordinate axes to which these coordinates 
refer obviously can be any three lines in space, of unequal unit lengths and 
making unequal angles with one another. Such axes will be called the tri- 
clinic axes of reference. They are equally serviceable for the point-group, 
Ci, which follows. 

PoinJlrgroup Ci. — ^The operations of ssrmmetry characteristic of this group 
are the identity (obviously an operation of every group) and an inversion 
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THE MONOCLINIC POINT-GROUPS. 



(qrmbol»I). Since an inversion through the origin of coordinates changes 
the signs of all three coordinates (figure 3) the operations of qrmmetry and 
the coordinates of equivalent points of this point-group are 

Operations of symmetry: 1, I. 

Coordinates of equivalent points: xyz; 5^2. 



MONOCLINIC SYSTEM. 

In their analytical expressions all of the point-groups having the symmetry 
of this system can be referred to a system of axes, two of which (the X- and 
Y-axes) make any angles with one another; the third axis (the Z-axis) is normal 
to the plane of these other two. The Z-axis consequently is taken to coincide 
with the principal two-fold axis, where such exists. 

PairUrgroup C,. — The single operation of symmetry (besides the identity) 
of this group is a reflection to be taken in the horizontal (XY-) plane. Since 
such a reflection (sjrmbol » SJ changes the sign of the z-coordinate (figure 10), 
the operations and equivalent and equivalent points of this group are 
Operations of symmetry: 1, S^. 

Coordinates of equivalent points: xyz; xyz. 




Fig. 10. 



Fio. 11. 



Pcifkirgroup C%. — ^A two-fold rotation about an axis (the Z-axis) normal 
to the plane of the other two axes of coordinates/ changes the signs of these 
two coordinates (figure 11). Consequently the point-|pt>up Ca can be ex- 
pressed as 

Operations of symmetry: 1, A(ir). 

Coordinates of equivalent points: xyz; xyz. 

PoirUrgroup C\. — Since this group is developed by mirroring C2 in a hori- 
zontal (XY-) plane of symmetry, it is to be expressed as follows: 

Operations of symmetry: 1, A(ir), Sh, A(ir)Sh. 
The operation whose symbol is A(t)S|u the product of A(t) and S^, is to 
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be understood as a two-fold rotation followed by a reflection in the hori- 
zontal plane.* 

Coordinates of equivalent points, xyz; Syz; xy2; !^^. 

ORTHORHOMBIC SYSTEM. 

The orthorhombic axes of reference are three mutually perpendicular 
axes of unequal imit lengths. 

Point-group C^. — Since reflection in a plane containing two of the axes 
of reference and normal to the third changes the sign of the coordinate value 
for the third (confer C|), this point-group may be expressed as 

Operations of symmetry: 1, A(ir), S^, SyA(ir). 

Sv is a reflection in a vertical plane (taken through Y and Z). 

Coordinates of equivalent points: xyz; x^z; 5iyz; x^z. 




Fio. 12. 

Point-group V. — The rotations about the three mutually perpendicular 
two-fold axes will be designated as U, V, and W (figure 12). 
Operations of synmietry: 

1, U, V, W. 

Coordinates of equivalent points: 

xyz; xyz; 3cyz; 5c5rz. 

Point-group V. — ^As usual, the XY-plane is taken as the horizontal mir- 
roring plane. 

Operations of symmetry: 

1, u, V, w, s,„ us,^ vs., ws,,. 

Coordinates of equivalent points: 
xyz; xyz; Syz; 5cyz; xyg; xyz; Syz; xyg. 

* The order of combining the operationB in such a product ia immaterial. It oould equally 
well have been called a reflection followed by a two-fold rotation. 
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THE TETRAGONAL POINT-6BOUP8. 



TETRAGONAL SYSTEM. 
The three tetragonal axes of reference, mutuaDy perpendicular to one 
another, are two (the X- and the Y-axes) of equal unit length. 
Poivirgroup 04=84. — 
Operations of qrmmetry: 

1, S,^(^), AW, S,^(~). 

Coordinates of equivalent points: 
xyz; yxz; jcyz; yxz. 

PoirUrgroup C4. — ^As we have just seen, the rotation of angle ^ about the 

Z-axis interchanges the X and Y coordinates and leaves the new X-coordi- 
nates reversed in sign (figure 13). 



V^ 






m 



Fio 13. 
Operations of ssrmmetry: 

1, a(|), A(t), 

Coordinates of equivalent points: 
xyz; yxz; Xyz; yjte. 

PairUrffraup Y^. — The diagonal reflecting plane contains the Z-axis and 
bisects the angle between the X- and Y-axis. Reflection in such a plane 
(Sd) interchanges the X- and Y-coordinates (figure 14). 
Operations of symmetry. 

1, U, V, W, Sd, USa, VSd, WSd. 
Coordinates of equivalent points. : 
xyz; xyz; 5cyz; jcyz; yxz; yxz; y5^; yxz. 

* Thii arises from the observation that two reflections in the same plane nullify one another. 
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Poivirgroup CJ. — 
Operations of sjrmmetry: 



1, a(|), aw, A^y), S,, S^a(^), S,,A(t), S,^(y) 

This may be more conveniently written as C5= {C4, Sn}, signifying that the 
operations of C4 are those of C4 plus the reflections of these operations in 
the horizontal plane.* 




Fio. 14. 

Coordinates of equivalent points: 

xyz; yxz; Xyz; yxz; xyz; yacz; Xyz; yX2. 
These coordinates illustrate the fact, of which use will conunonly be made 
in the work which follows, that a two-fold rotation about an axis combined 
with a reflection in a plane normal to the axis is equivalent to an inversion 
(figure 15). Thus C$e{C4, 1} is an alternative expression of the point- 
group C\. In this latter case the coordinates of equivalent points would be 
written in the following order. 

xyz; yxz; Xyz; yXz; Xyf; yXz; xyz; yxz. 
Point-group CJ. — 
Operations of synmietiy: 
CI={C4,S,). 

S^ is again a mirroring in the vertical, YZ-plane. 
Coordinates of equivalent points: 

xyz; yxz; xyz; yXz; Syz; yxz; y;^z; yXz. 
PatrU^oup D4. — The four two-fold axes lying in the XY-plane coincide 
with the X- and Y-axes and bisect the angles between them (figure 6). The 

* In the future tfaie abbreviated repreeentation will be used when no ambisuitiee are thereby 
introduced. 
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TETRAGONAL AND CUBIC POINT-GROUPS. 



operations of symmetry of D4 may consequently be obtained by applying 
the operations of one of the two-fold axes (the one coinciding with the X- 
axis will be employed) to those of C4. 
Operations of symmetry: 

D4«{C4,U). 

Coordinates of equivalent points: 

xyz; fxz; It^z; yxz; xy2; yXz; Xy2; jnd. 
If other two-fold axes were used, the order of the last four coordinate values 
would be changed. 




FiQ. 15. 
PcifUrgroup DJ. — 
Operations of qonmetry : 

D5-{D4,S„}-{D4,I}. 
Coordinates of equivalent points: 

xyz; yxa; xyz; y5cz; xy«; yjH; Xy2; y^\ 
xy2; yx2; Xy§; yxz; xyz; yXz; Syz; yxz. 
CUBIC SYSTEM, 
The cubic axes of reference are three mutual^ perpendicular axes with 
units all of the same length. 



Pointrgrowp T. — 
Operations of qonmetry: 
1, u, 

A.(l). 



<¥) 
<¥) 






A,i 



W, 
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A, Ai, At, As are rotations about the trigonal axes of a, ai, a«i at of figure 7. 
Coordinates of equivalent points: 



xyz; 


xy2; 


Xy2; 


xya; 


zxy; 


fey; 


8Xy; 


8Xy; 


yzx; 


fSx; 


y2X; 


yzX; 



Xy2; 


xya; 


xyz; 


3?y«; 


8xy; 


zxy; 


ray; 


«xy; 


yK; 


yzX; 


y«; 


yftt. 



PaifU'Oraup V.— 
Operations of Gfymmetry: 

'P={T,S,} = {T,I}. 

In writing the coordinates of equivalent points the second of the representa- 
tions will be used. 

Coordinates of equivalent points: The 12 coordinate positions of T, and 

II. 

Poinirgroup T^. — ^The diagonal nurroring plane is taken to bisect the angle 
between the X- and Y-axes. 
Operations of symmetry: 

T-={T,S,}. 

Coordinates of equivalent points: The 12 coordinate positions of T| and 

!yxz; yxz; yjcg; yXa; 
xzy; xzy; xzy; xzy; 
zyx; 2yx; zyX; zyx. 

Point-group 0. — 
Operations of qrmmetry: The 12 operations of T, and 

U,. Ut. b(1] B 






Wi, Wi, 

Rotations about the various axes of figure 8 are represented by the corre- 
sponding capital letters. The four-fold axes b, bi and bs have ibe positions 
of u, V and w of figure 7. 

Coordinates of equivalent positions : The 12 coordinate positions of T, and 

IV. 



yX2; 


yxa; 


y«; 


yx2; 


X2y; 


Xzy; 


xzy; 


x8y; 


gyx; 


zyX; 


«yx; 


2yx.* 



* The order of writing these coordinates has been changed about to make it oonf orm with its 
later uses. 
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18 CUBIC AND HEXAGONAL POINT-GROUPS. 

PoifU-group O^. — 
Operations of S3niimetry: 
0^={0,S,} = {0,I}. 
Coordinates of equivalent positions: The 48 coordinate positions of 
I, II, III, and IV. 

HEXAGONAL SYSTEM. 
Rhombohedral Division. 
The point-groups of this division will be described in terms of two kinds 
of axes of reference. The rhombohedral axes (1), all of the same unit length 
and making equal angles with one another, are arranged synmietrically 
about the three-fold axis (figure 16). Two of the hexagonal set of axes (2) 
are of equal unit lengths and make an angle of 120^ with one another (figure 
17); the third, the Z-axis, is of a different unit length and is normal to the 
plane of the X-and Y-axes. This second set is thus a special case of the 
monoclinic axes; the cubic axes, on the other hand, are a special case of the 
rhombohedral (1) axes. Coordinates according to the rhombohedral axes are 
given below imder I, according to the hexagonal axes under II. 




Fio. 16. 

Poivirgrowp Cs. — 
Operations of sjrmmetry: 

1. a(|). a(^). 

Coordinates of equivalent points: 
I. xyz; zxy; yzx. 

II. xyz; y-x, x, z; y, x-y, z.* 

PoifU-nraup Ci. — 
Operations of symmetry: 

Ci={C8,I}. 



* A referanoe to figure 17 will show the source of these coordinate values. 
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Coordinates of equivalent positions: 

I. xyz; zxy; yzx; 5tf§; 8Xy; yH. 

II. xyz; y-x,X,z; y,x-y,z; ^2; x-y,x,z; y,y-x,». 
PairU-^aup CJ. 
Operations of symmetry: Cl= {Cg, S^}. 
This vertical reflecting plane can have two possible positions, one containing 
both the X- and the 2i-axes (hexagonal axes II), the other containing the 
Z-axis and a line in the X Y-plane which makes an angle of 30^ with the X-axis 
(see figure 26). The reflection in a plane occupying the first of these two 
positions will be designated as S^, the reflection in the other plane by S,. 
Ck)ordinates of equivalent points: 




Fig. 17. 



xyz; 



zxy; 



yzx; 



yxz; 
II. 



xzy; 



zyx. 



WhenCl^lCs, S.}: 

xyz; y-x, X, z; y, x-y, z; x-y, y, z; yxi; X, y-x, z. 
WhenC5={C., S^h 

xyz; y-x,X,z; y, x-y, z; y-x, y, z; yXz; x,x.y, z. 
PoifUrgrawp Dg. — 
Operations of sjrmmetry: Dg^ {Cg, U}. 
The two-fold axis of rotation may lie either in the X-axis or in a line in the 
XY-plane which makes an angle of 30^ with the X-axis. A rotation about 
the first-named axis will be called U|^, about the second, Ug. There may thus 
be two different sets of coordinates of equivalent points for the point-group 
Dg corresponding to the two sets already defined for Cg. 
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20 HEXAGONAL POINT-GROUPS. 

Coordinates of equivalent points: 

I. 
xyz; zxy; yzx; yXz; ^y; 2yx. 

11. 
WhenDs^lCs, U.}: 

xyz; y-x,x,z; y, x-y, z; x-y,y,2; yxg; S,y.x,«. 
WhenD8={C8,U.}: 

xyz; y-x,x,z; y,x.y,z; y-x,y,z; yxz; x,x-y,g. 

PairU-graup DJ. — It can be shown that this point-group arises from the 
combination of Ds with an inversion. Just as there are two ways of ex- 
pressing Ds in terms of hexagonal axes of reference (depending upon the 
position of the two-fold axis) so there must be two ways of expressing DJ. 

Operations of symmetry: 

DS={D„S,}-{D„I}. 

Coordinates of equivalent points: 

I. 
xyz; zxy; yzx; yxz; xzy; zyx; 
xyz; zxy; fzx; yxz; xzy; zyx. 

II. 
When the operation of the two-fold axis is Ua: 

xyz; y-x, x, z; y, x-y, z; x-y, y, z; 
xyz; x-y, X, z; y, y-x, z; y-x, y, z; 

When the operation of the two-fold axis is U.: 

xyz; y-x, x, z; y, x-y, z; y-x, y, z; 
Xyz; x-y, X, z; y, y-x, z; x-y, y, z; 

Hexagonal Divibion 
The point-groups of this division of the hexagonal system will be expressed 
only in terms of the hexagonal axes. 

PoifUrgroup CJ. — 
Operations of symmetry: 

CH{Ca,S,}. 

Coordinates of equivalent points: 

xyz; y-x, X, z; y, x-y, z; xyz; y-x, X, z; y, x-y, z. 

PoifUrgrawp I^. — 
Operations of symmetry: 

Di=:|D3.SJ. 



yxz; 


X, y-x, §. 


yxjs; 


X, x-y, z. 


yx2; 


X, x-y, S; 


yxz; 


X, y-x, z. 
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HEXAGONAL POINT-GROUPS. 21 

Just as there are two ways of expressing Ds, so there will be two ways of 
stating D|. 

Coordinates of equivalent points: 
When the two-fold axis has the position of the X-axis (UJ : 

xyz; y-x, x, a; y, x-y, z; x-y, y, z; yxz; X, y-x, i; 
xyz; y-x, x, 2; y, x-y, 2; x-y, y, z; yxz; x, y-x, z. 

When the two-fold axis makes an angle of 30** with the X-axis (U,) : 

xyz; y-x, Sc, z; y, x-y, z; y-x, y, z; yxz; x, x-y, «; 
xyz; y-x, X, z; y, x-y, z; y-x, y, z; yxz; x, x-y, z. 

PcifUrgroup Ce. — 

The operations of this group can be written as those arising from the opera- 
tion of a 60^ axis of symmetry. Taken thus the operations of Ce are: 
Operations of sjrmmetry: 

1, a(|), a(|) aw, A(f), a(|). 

Coordinates of equivalent points: 

xyz; y, y-x, z; y-x, x, z; xyz; y, x-y, z; x-y, x, z; 

PaifU^oup Ce. — 
Operations of S3rmmetry: 

C|f-{Ce,Sfc}. 
Coordinates of equivalent points: 

xy»; y,y-x, z; y-x,X, z; ^z; y,x-y, z; x-y, x, z; 

xyg; y,y-x, z; y-x, X, 2; xy2; y, x-y, 2; x-y,x, 2. 

PaifU-iproup CJ. — 
Operations of symmetry: 

C;={Ce,S.}.* 
Coordinates of equivalent points: 

xyz; y,y-x, z; y-x,X, z; xyz; y, x-y, z; x-y, x, i; 
Xi y-x, z; y-x, y, z; yxz; x, x-y, z; x-y, y, z; yxi. 

Pcivirgrcup De. — 
Operations of symmetry: 
De-{Ce,U}. 

U is a rotation of 180^ about axes in the XY-plane, one of which coincides 
with the X-axis. 

Coordinates of equivalent points: 

xyz; y, y-x, z; yx, X, z; xyz; y, x-y, z; x-y,x, z; 
X, y-x, z; y-x, y, 2; yxz; x, x-y, g; x-y, y, 8; yX2. 

* This group is of course equally the result of operating upon Cg l^ a two-fold axis ooinddent 
with the Z-axis. Thatis, 
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Poifd-group DJ. — 
Operations of symmetry: 

D8-{De,S,.}-{De,I}. 

CSoordinates of equivalent points. 

xyz; y, y-x, z; y-x, X, z; 
X, y-x, 2; y-x, y, 2; yxz; 
xya; y, x-y,g; x-y, x,z; 
X, x-y, z; x-y, y, z; yxz; 



xyz; y, x-y, z; x-y, x, z; 
X, x-y, 2; x-y, y, 2; yx2. 
xy2; y, y x, 2; y-x, X, 2; 
X, y-x, z; y-x, y, z; yxz. 



SPACE LATTICES. 

A series of parallel planes such that the distance between any two consecu- 
tive planes of the series is constant is called a set of planes. 

The sum total of the points of intersection of any three sets of planes is 
called a regular space lattice. 




Fig. 18. A Qonmetrical lattice. The intersection pdnts of this figure are 
points of the lattice. 

If some point of a lattice (0 of figure 18) is taken as the origin of coordi- 
nates, the neighboring points of the lattice are given by the translations 
db2rz, db2r„ db2r. along the X, Y and Z axes; and in general any point 
of che lattice is given by the composite translation 

Ti= ±2mr,±2nTy±2pr, 

where m, n and p are any integers or zero. The three translations, 2rz, 2r„ 
2rg, giving neighboring points of the lattice, are called the primitive trans- 
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lations. It is customary to define a lattice by stating its primitive trans- 
lations with respect to the axes of reference.* This definition is sufficient 
since the primitive translations of a lattice can be considered as those transla- 
tions which will yield all of the points of the lattice by their continued 
application, first to a point of the lattice chosen as origin, and to the new 
points continually derived from this and succeeding applications. 

It can be shown that but fourteen symmetrical lattices are possible; each 
of them has the complete symmetry of one of the seven systems of crystallo- 
graphic symmetry (counting the rhombohedral division of the hexagonal 
Efystem as a separate system). 

The primitive translations of these 14 space-lattices, identical with the 
lattices of Bravais, are as follows. The axes of reference are the same as 
those used for the point-groups of corresponding symmetry. 

Primitive translaiions. 



2r,; 2Ty; 2r.. 

2r,;2ry;2r.. 

2r,;ry, r,; Ty, -T,.t 

2r,; 2ry; 2r.. 

^xf '^jt '^xt ""^yJ ^Tg. 





Symbol. 


Tridinic system. 


1. 


r« 


Monoelinie system. 


2. 


r„ 


3. 


r„' 


Orthorhombie system. 


4. 


r, 


6a. 


r.'(a) 


b. 


r.'(b) 


6. 


r," 


7. 


r,'" 


Tetragonai system. 


8a. 


r.(a) 


b. 


r.(b) 


9a. 


r»'(a) 


b. 


r»'(b) 


Cvbie system. 


10. 


r. 


11. 


r.' 


12. 


r," 


Hexagonal system. 


13. 


Tr. 


14. 


r„ 



iu\ Tj 



jy '■> '79 



^y> ^fJ ^i* ^x] ^xi ^y« 

2r,;2Ty;2r,;r„ry, T,. 

2r.;2ry;2r.. 

^x> ^y> ^«> ""''■yJ ^Tg. 

^y» ^%) ^ii ^x> ^«> ^y» 

2r,;2ry;2r,;T„Ty, T,. 

2r,;2r^;2r.. 

^yi ^iJ ^%i ^x>*^x> ^y 
2r,;2ry;2T,;r„ Ty, r,. 

Sr.; 2ry; 2r.. (Rhombohedral Axes) 
2rx ; 2r, ; 2r, . (Hexagonal Axes) 



* Different groups of primitive translations for a single lattice are possible by taking the unit 
directions different^. We shall have use for the primitive translations just defined and for no 
others. 

t By Ty^ Ts is meant a translation xy along the Y-axis followed by one of length rg along the 
Z-azis. The translation ry^ ~ri is similar except that ti is here taken in the ^z direction. 
These are written by Schoenflies as ry + 'rs and ry ~ r^ respectively. 
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THE NATURE OF SPACE-GROUPS. 



Ltattices 13 and 14 belong to the rhombohedral division; lAttice 14 has the 
complete qrmmetry of the hexagonal division of the hexagonal system. 

Lattices 2, 4, 8a, 10, 13 and 14 are all special cases of lattice 1, in which the 
lengths of the units along the axes or the angles between the axes have par- 
ticular values. The lattices having the Gfymmetry of the tetragonal and of 
^he cubic qrstem can be looked upon as special cases of the orthorhombic 
space lattices; in this process of specialization, for lattices of tetragonal sym- 
metry, if the axes are taken after the manner of lattice 4, Sa is obtained, if 
according to 5, 8b results. The two forms of 8 are, however, identical. 
In a similar fashion 9a and 9b arise from 6 and 7. 

SPACE-GROUPS. 

In giving anal3rtical representations to each of the 32 point-groups the 
different ways have been expressed in which points can group themselves 
about a central position so that the aggregate of points will by their arrange- 
ment exhibit cr3rstallographic S3rmmetry. We are not, however, primarily 




19. The point-group C^. The pointe P, P/, P//, P/// are the four 
^ equivalent points of this point-group. 



interested in such an aggregate of points about a single position in space but 
rather in the indefinite extension in all directions of such a symmetrical 
grouping of points. In order to accomplish this, it is necessary to distribute 
point-groups (or perhaps other suitably symmetrical groupings of points), 
properly oriented according to some regular pattern which repeats itself 
indefinitely in all directions. Such a regular pattern must be one of the 14 
space lattices. The indefinitely extended Gfymmetrical arrangement of points 
aJl equivalent to one another, which is obtained by placing such groups of 
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equivalent points with their centers at the points of one of the regular space 
lattices, is a space^oup.* 

For the sake of illustration the very simple space-group which is obtained 
by placing the point-group CH, the holohedry of the monodinic system, (figuxe 
19) at the points of the monoclinic space lattice Fm will be considered, f A 
portion from this space-group is shown in figure 20. The four equivalent 




Fio. 20. A portion from the monodinie Bpace-fpx>up On* 

points P, P/, P// and P/// (and the two-fold axis of symmetry and the plane 

normal to it) of C^ repeat themselves about each of the points 0, A, B 

of the first monoclinic lattice Fm. Taking as the origin, then the coordin- 
ates of the points of the group about A, the point of the lattice obtained by the 
primitive translation 2rz, are 

x+2t„ y, z; 2r,-x, y, z; 2t,-x, y, z; x+2t„ y, z. 

In a similar way the coordinates of the equivalent points about the other 
neighboring points of the lattice and in general about any point of the lattice 

* The view which one takes of a space-group will depend largely upon his interests. For 
instance* the orystallographer will in all probability consider a point-group as a particular aggre- 
gation of elements of symmetry arranged in some definite fashion. The space-groups will then, 
first and above all» describe to him the way in which these elements of oymmetiy can be dis- 
tributed throughout a erirstal. On the other hand, the physicist or chemist who is accustomed 
to think of a crystal essentially as an orderly arrangement of atoms or molecular groupings of 
atoms will probably indine to the more analjrtical view of point-groups and space-groups as aggre- 
gates of equivalent points which are potential positions for the atoms in crystals. Because we 
are interested here in discussing only those phases of the theory of space-groups which are of 
immediate use to the physical study of the struotiues of crystals, the characteristics of symmetry 
possessed by the various space-groups will receive only such treatment as is required for the 
building up of an analytical expression of the results of the theory. 

t Figure 18 will illiistrate Fm if X and Y have any unit lengths and make any angle with one 
another, and if Z is normal to the plane XY. 
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are given by one of the following sets which, taken together, completely 
define this space-group: 

x±2mTj|, ydb2nTy, z±2pr,; 

±2mT,— X, =fc2nTy— y. 2±2pri; 

±2mT3|— X, =fc2nry— y, db2pT,— z; 

X:±:2mrsy y±2nTy, ±2pr,— s; 

where, as before, m, n and p can be any integers or zero. 

Some of the space-groups are obtained by thus placing point-groups at the 
points of the lattice of corresponding 83rmmetry; the rest of the 230 typical 
ways of arranging points so that the assemblage will exhibit crystallographic 
symmetry may be obtained by placing, at the points of these lattices, groups 
of points analogous to the point-groups, and derived from them, of such a 
natm:e that the symmetry of the aggregate is that of one of the point-groups 
themselves. 

It is obvious that a space-group is completely defined (analytically) when the 
coordinates of the equivalent points ranged about one point of the lattice 
(the points of a point-group or of a ''modified point-group^) and the primitive 
translations of the lattice are given; for, as we have just seen in the case of 
the monoclinic space-group, with this information it is always possible to 
reconstruct the space-group. 

AN OUTLINE OF THE DERIVATION OF THE SPACE-GROUPS. 

The nature of each of the space-groups will be apparent from the following 
tabular outline. Under each class of symmetry a brief discussion of the 
development of the space-groups exhibiting its symmetry will be given. This 
will be followed by a statement under three headings of (1) the S3rmbol of 
the space-group, (2) an abbreviated indication of its particular derivation, and 
(3) the f imdamental lattice underljdng it. 

TRICLINIC SYSTEM. 
Hemthedry, — 

The single space-group of this class is obtained by placing the sin^e equiva- 
lent point of the point-group Ci at the points of the lattice Fir. 

1. {ci-Cx,r^}.* r^ 

Holohedry. — 

The single space-group having this symmetry is obrained by placing the 
equivalent points of Q at the points of the lattice T^. 

2. C}«{Ct,r^}. T^ 

* The space-group symbol ia a simple adaptation of the symbols used for the point-groups. 
The letteni 4o be found in exponent position in the symbols for point-groups are reduced to the 
subecrii»t position. The di£ferent space-groups isomorphous with a particular point-group are 
distinguished by numbers in the exponent position. Thus €3^ is the fifth space-group (isomor- 
phous with the point-group C^) that is defined. 
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MONOCLLHC SYSTEM. 
Hemihedry, — 

The space-groups having this symmetry can be developed by combining 
the space-group C} when it has the specialized form of either T^ or Fni 
with a gliding reflection in a plane which is taken as that of the X- and Y- 
axes.* 

3. cl-{r.,s,l. r. 

4. c;={r.,s,(r)}. r. 

5. c;«|r.',s,|. r.' 

6. c;-{r.',s,(r)}. r„' 

Hemtmorphic hemihedry. — 

Since the point-group Cs is obtained by combining Ci with a two-fold 
axis, the space-groups isomorphous with Ct can be obtained by combining 
the lattices r^ and T^' with screw axes of symmetry. The trandation com- 
ponents of these screw-axes are either zero or half a primitive translation in 
the direction of the Z-axis. 

7. cj=:|r„,A(T)}. r„ 

8. cj={r„,A(T,r.)}. r. 

9. cj«{r„',AW|«{r„',A(T,r.)}. r„' 

Holohedry. — 

The space-groups isomorphous with C^ can be obtained by multiplying 
(n combining) space-groups isomorphous with Ct with the operation of a 
glide plane of Gfymmetry. Since a rotation of 180^ combined with a reflec* 
tion in a plane at right angles to the axis of rotation is equivalent to an 
inversion, these space-groups result also from multiplying the groups iso- 
morphous with Ct by an inversion. 

10. C,J«{CJ,S|,}. r»^ 

11. Cth™ {Ct, S||}. Fb 

12. C,1-{CJ,S,}. V 

13. c,1,-{ci,s,(r)}. r„ 

14. C,»,-{Cj,S,(r)}. r„ 

15. c,-,-{ci,s,(T)}. ri' 

ORTHORHOMBIC SYSTEM. 

Hemimorphic hemUisdry. — 

The intersections with the XY-plane of the axes of space-groups C? (the 
space-groups having the symmetry of Ct) when the angle between the axes 
has the special value of 90^, is given by the point43 A, B, C, D, Ai . . . . 

of figure 21. The space-groups isomorphous with Ca can be developed J^y 

- — ■ > — 

* A glide jilane the translation component of which is sero is of ooone a simply reflectinc 
plane, r, a primitive translation in the XY-plane, may then be chosen as either r, or r,. 
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ORTHORHOMBIC SPACE-GROUPS. 



multiplyinfE groups ismorophous with C* by a vertical glide plane of sym- 
metry, that is, ooe parallel to or containing the Z-axis. The various possible 
positions of the intersections of these planes with the XY-plane are shown 
by c, c^, etc. of figure 21a and a^t 'a> etc. of figure 21b. 
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16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
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A, 




<»„^ 


rfm, 








4 
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d' 




<,' 
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^ 


1 




-** 




^ry 



ZTX 



ZTX, 



Fig. 21. 



P* - 
pa _ 

c^= 
c^- 

P* s 

2v — 
P"« 

P" = 
V>2v — 

C13_ 
pl4- 

^2v-" 

Ci« — 
av — 

L/2V — 

CIS — 
av — 

plO_ 

Cao_ 
av — 

^81 = 

V>2v™ 

paa_ 



{C2, 8} = {C2, Si}. 
{C1,S} = {C5,S.(t.)). 
{Ci, S(r,)} 

{cj,s(0}-{cjl,S„..}. 

{Ci,S(rJ}. 
{Cj,S(r.+r.)}. 
lC5,S(r.+r.)}. 
{Ci,S.(rJ}. 

|C^,S„(rx)}. 
|Cj,S„(r,+r,)}. 
{C2, S4}=»{Ci, Sa,}. 
|C|, Sa}. 
{Ci,S,(r.)}. 

{C|, S}. 

{Cl,S(r.)}. 

{Cl,S(r,)}. 

{(^,S(r,+T.)}. 

{<^.S}. 

{Cl,S«»(r.+r.)]}. 

{C5, Saj. 

{CI, S,(r.))., 

{Cl,Sa(rJ|. 



To 

r, 
r. 
r, 
r, 
r. 
r, 
r, 
r, 

To 
ro'(a) 

r«'(a) 
r.'(a) 
r,'(b) 
r.'(b) 
r.'(b) 
ro'(b) 
r," 

To" 

r,'" 
r,'" 



EnatUiomorpkic hemihedry. — 

Definition. — If a certain portion of the operations of a group when taken 
alone themselves form a group, they define a sub-group. 

The spaoe^pnups isomorphous with the point group V are best described 
by giving the sub-groups whose axes are parallel to the X, Y- and Z- tas» 
of the lattice (and of the coordinates). 
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38. 


V»-{CJ,CJ.C5J}. To 


39. 


V»-{Ci,Cj,C^}. To 


40. 


V-{(^,C^,CJ}. To 


41. 


V«-{(^,C^,C^}. To 


42. 


V»={C3.CS.C^}. ro'(a) 


43. 


v-{(^,(^,cj}. ro'(a) 


44. 


V-{C5.C|,C2}. To" 


45. 


V«-{C?,C5,C^}. To'" 


46. 


V»={C^,(^,C|}. To'"* 


Holohedry. 


— 




The space-groups isomorphous with V* can be obtained by combining 


groups isomorphous with V with a horizontal gliding reflection. It is more 


simple, however, to consider them as developed by combining certain groups 


V" with inversions. The locations of these points of inversion will be clear 


from a reference to figure 22. 




47. 


Vi={Vi,I). 


To 


48. 


V2={v,u. 


To 


49. 


VJ={V>,I,}. 


To 


50. 


VJ={V>,I.}. 


To 


51. 


VJ={V«,I}. 


To 


62. 


vs-{v«,i„}. 


To 


63. 


v;={v»,i„}. 


To 


54. 


\1-|V»,Ik}. 


To 


55. 


V2={v».i}. 


To 


56. 


vy»={v»,i„}. 


To 


57. 


vv={v»,ik}. 


To 


58. 


vy={v»,iw}. 


To 


59. 


V.» = {V»,I,}. 


To 


60. 


V,* = {V»,I,|. 


To 


61. 


Vi»={VM}. 


To 


62. 


V'.' = {VM,}. 


To 


63. 


vy={v»,i}. 


To'Ca) 


64. 


VV={V»,IJ. 


ro'(a) 


65. 


vy-{v,i}. 


ro'(a) 


66. 


n"-{VM„}. 


ro'(a) 


67. 


vv={v,ij. 


ro'(a) 


68. 


vv-{v.i,i. 


r,'(a) 


69. 


VY-|V,I}. 


r," 


70. 


cy={m„}. 


To" 


71. 


VV={VM}. 


■p /// 


72. 


vY={v»,u. 




73. 


vv={v,i}. 


Ao 


74. 


VV={VM,}. 


Ao 



* These two last space-groups di£fer in the maimer of distribution of their axes. For the 
former the axis of rotation lies in the line AD. for the latter in the line BC of Figure 21. 
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TETRAGONAL SYSTEM. 

Tetcaiohedry of the second sort. — 

The groups S" can be obgained by combining groups isomorphous with Ct 
with a rotary-reflection (a rotation combined with a reflection) having the 
same axis as the group C^. 

75. Sl={Ci,A}. r, 

76. 8J«{CJ1,A}. r/ 
Hemifiedry of the second sort. — 

The space-groups isomorphous with V' can be obtained by multiplying 
groups isomorphous with V by the operation of a diagonal vertical glide plane 
of symmetry. A reflection in the plane WMGA of figure 22 will be called 
(Td, one in the parallel plane through F, a^. 
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I y 






,y 
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V 
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^y 




r»- 
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4 


•^ 








f^ > 


z... 


Jv 




/— /,-- - 


~~7/^y 










Tx 




Fig. 22. 


77. vi={v»,s.}. r» 


78. V2={V>,S,(r.)} r» 


79. v5-{v»,s,}. r, 


80. vj-{v»,s.(r,)j. r. 


81. v5-{v«.s^}. r, 


82. V2-{V».S,(r.)}. r» 


83. v2-|v.,s,(^')} r. 


84. V|.{v.S*(^'+r.)} r. 


86. vS-ms^}. r/ 


86. vV-{v,s,W}. r»' 


87. vv-{v,s,)}. r/ 


88. V/-{V»,S,(r,)}.* r/ 
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Tetartohedry. — 

The space-groups C^ can be derived by arranging screw-axes of symmetry 
according to the two tetragonal lattices. 



89. cl={A(|),r.} 


r. 


90. c3={A(-;i)4 


r» 


91. C^-|A(|r.),r»|. 


r, 


-^=Mi."')4 


r« 


93. c5={A(0r.'}. 


r,' 


94. c;={A(|,0r/} 


r/ 



Paramorphic hemihedry. — 

The groups CJ^ are most readily obtained by inverting groups isomorphous 
with C4 either through a point lying in a foiir-fold axis or midway of a line 
joining two foiir-fold axes. This second inversion will be represented by Ii. 

96. CA = {C1,I|. r» 

96. CA = {CJ,I}. r, 

97. cA=jcl,i,}. r» 

98. cA={c},i.}. r, 

99. CA={CS,I}. r/ 
100. c;,.={c;,i,}. r/ 

Hemimorphic hemihedry. — 

The groups €4^ are obtained by multiplying groups C4 by vertical gliding 
reflections. The positions of these reflecting planes are shown in figure 23. 



101. CA = {Cl,S.}. r» 

102. c/,={ci,s,}. r, 

103. cA={cj,s,}. r» 

104. C4^={cts.}. r» 

105. cA={ci,s.(r.)}. r» 

106. CA = {Ci,S.(r.)}. r» 

107. C/,= {Cj,S,(r.)}. r» 

108. C^={C»,S,(r.)}. r» 

109. cA={C5,s.). r/ 

no. ci;={cs,s.(r.)}. r/ 

111. cii={cs,s.}. r/ 

112. ciJ-{cj,s,(r.)}. r/ 
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EnanUomorpkic hemihedry. — 

Siooe the point-group D4 results from the multiplication of C* by a two-fold 
axis lying in the plane normal to the four-fold axis of C4, the groups D^ 
arise by multiplying certain of the groups Cm by two-fold axes lying in the 
XY-f>lane. The positions of these axes are shown in figure 23, if the lines 
AB and CiCi define the axes U, and U, respectively. 




Fio. 23. 



113. 
114. 



D 
D 



115. D 

116. D 

117. D 

118. D 

119. D 

120. D 



121. 
122. 



D 
D 



0^ 



{C1,U,). 
{Ci, U.). 
{CI U.I. 
{CJ, U.|. 
{CJ.U.I. 
{CJ,U.}. 

{cl.u.i. 
icl.u.j. 

{CJ, U.I. 
{CJ, U,|. 



r, 
r, 
r. 
r, 
r. 
r. 
r, 
r, 
r.' 



Holohedry. — 

The space-groups DU may be deiived by combining groups of D^ with an 
inversion. If the axes striking the XY-plane in A, Ai, etc. (figure 23) are 
called a and those meeting the plane in points corresponding to B are called b. 
then the points of inversion are located (1) at the intersection of a with an 
axis parallel to U,, (2) midway between two such points of intersection, (3) on 
an axis paraUel to U., midway between a and b or (4) half of the way between 
a and b and half way between axes parallel to U.. The inversions through 
these four points will be denoted by I, I', Ii and I/. These four inversions 
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are equivalent to inversions I, l„ I„ and I. about the four points A, W, 
G, and M of figure 22. 

123. DA={Dl,I}. r, 

124. DA={DM,}. r« 

125. DA-lDl.!,}. r, 

126. DA-(Di,I„|. r, 

127. DA-{D!,I}. r» 

128. DA-{DJ,I,|. r, 

129. d;,={dj,i,j. r, 

130. DA = {D|,I.}. r» 

131. D4«u={Dj,I}. r. 

132. Di!>={D5,i,}. r, 

133. Dii = {D»,I,}. r, 

134. DiJ = {Dj,I„}. r» 

135. DiJ-lDj, I}. r» 

136. D1J={D5,I,}. r» 

137. D12 = {DJ,I,}. r,' 

138. D1«={DJ,I„}. r» 



139. 
140. 
141. 
142. 



D1J = {DJ.I}. r,' 

D12={DM,}. r»' 

DlJ={D?,i,}. r.' 

D|2={DV.im}. r»' 



CUBIC SYSTEM. 

Tetartohedry. — 

The space-groups isomorphous with T can be obtained by combining certain 
groups V" with the operation of a three-fold rotation axis. Except in the 
case of the group derived from V, when it must be AA', the position of this 
three-fold axis can be that of any diagonal of figure 22. This rotation of 
angle j will be represented by A. 



143. 


T'-{V», A). 


r. 


144. 


T*-{V^,A|. 


r,' 


145. 


T»-|V,Aj. 


r." 


146. 


T*={V«,A}. 


r. 


147. 


T»={V»,A}. 


r." 



Paramorphic hemihedry. — 

Since the point-group T|, can be derived from the point-group T by com- 
bining it with an inversion (as well as with the operation of a horizontal plane 
of S3rmmetry), the groups isomorphous with T** can be obtained from the 
groups T™ by combining them with an inversion. This center of symmetry 



Digitized by 



Google 



34 



CUBIC SPACE-GROUPS. 



lies either at a comer of the cube of figure 22 (A) or at M. 
sions will be called I and Im respectively. 



These two inver- 



148. 


Ti={TSI}. 


r. 


149. 


T?-{TM„}. 


r. 


150. 


T2-{T».I}. 


r.' 


151. 


TJ^IT*,!.}. 


r.' 


152. 


T5={T»,I}. 


r." 


163. 


TJ|={T*,I}. 


r. 


154. 


TJ={'P,I}. 


r." 



Hemimorphic hemihedry. — 

The groups isomorphous with T* can be derived by combining groups T°* 
with a gliding reflection in a diagonal plane. This plane can be taken as 
WMGA of figure 22. 
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FiQ. 24. 



Fig. 25. 



155. 


Ti=ms,}. 


r. 


156. 


T2 = {T«,S,}. 


r.' 


167. 


TS={T«,S,). 


r«" 


158. 


Tj={T>.S,(r)|. 


r. 


159. 


T» = {T*,S,(r)}. 


r.' 


160. 


TS^mS^W}. 


r." 



EnarUiomorphic hemihedry. — 

The groups 0"* result from combining groups T°* with the operation of a 
two-fold rotation axis. This axis may be taken parallel to UK of figure 22. 
If it passes through the point M of figure 22 the rotation will be denoted by 
Urn, (2) if it has a parallel position through the point A by U, (3) if it Ues in the 
line bisecting AM (see figure 24) by Ui, or (4) if it bisects MA' by U|. 
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161. 


0»-{T»,U}. 


r. 


162. 


0*-{T>,U„|. 


r. 


163. 


0»=(T»,U}. 


r.' 


164. 


0«-{T»,U„}. 


r.' 


166. 


0»^{T»,U}. 


r," 


166. 


O'-l'P.Ui). 


r. 


167. 


0»-{T«,U,|. 


r. 


168. 


0«-{T»,U}. 


r." 



Hoiohedry. — 

Since the point-group O'' results from by the operation of a center of 
symmetry, as well as of a horizontal reflecting plane, the groups OS iso- 
morphous with 0** can be obtained by combining groups 0" with an inversion. 
These centers may be at A, A', M or M' of figure 25; the corresponding inver- 
sions will be called I, I', Im, W. 

169. 0J-{0>,I}. r, 

170. 02-{0»,i„}. r, 

171. oJ-{o»,i} r, 

172. 0J = {0*,I„|. r. 

173. 05= {0» I}. r,' 

174. Oj = {0»,t}. r,' 

176. ol={o«,i„}. r.' 

176. 0S-{0«,4}. r,' 

177. 0J = {0», 1). r." 

178. oy={o«,i). r," 

HEXAGONAL SYSTEM. 
BHOlfBOHBDRAX. DIVISION. 

Tetartohedry. — 

The space-groups isomorphous with Ct can be obtained by combining 
the lattices Ti, and r,i, with a three-fold screw axis. The translation com- 
ponent of this screwHnotion is to be taken along the 2i-axi8. 



179. ci=|A(|'),r„|. r» 

180. Cl-|A(y,y'),r«j'. r, 

181. cl^{A(^f,*f),T^y r. 



182. c; 
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Parcanarphie hendhedry. — 

The two spaoe-giDupB Cjf caa be obtained by oombiiuiig groaps C% with 
an inversion (I). 

183. C,\«{CJ,I}. r,^ 

184. C/i = {Cj,I}. r^ 

Hendmcrpkie hemihedry. — 

The vertical reflecting plane will contain the vertical (Z) axis and either 
(1) the X-axia — of the point and isomorphous space-group — (AA' of figure 
26), or (2) a line (AB of figure 26) which lies in the XY-pIane and makes an 
anj^ of 60^ with the X-axis. In the first case the reflection will be desig- 
nated Ss, in the second S«. 




Fig. 26. 





185. 


c,V= 


-{CJ,S,|. 




Tk 








186. 


ci,- 


-{CJ,S.}. 




Th 








187. 


CI' 


-{ClS,(r, 


;)). 


Th 








188. 


CA" 


«{Cj,S.(r, 


.)}. 


Tfc 








189. 


CI' 


-{c;,s.). 




r,b 








190. 


C.V 


= ICj,S.(r, 


.)). 


Trt 






Enantiomorpkic hemihedry.— 










The 


space-groups 


Df result from operating 


upon groups C? with 


a two- 


fold axiH which has the poation either of AA' of figure 26, (UJ, or 


of AB. 


(U.). 


















191. 


D{- 


■{C1,U,}. 


Tu 










192. 


DJ- 


■{C1,U.}. 


Tu 










193. 


DJ- 


■{CJ,U,}. 


Tt 










194. 


DJ = 


= {C|,U.}. 


r,. 










195. 


DS = 


= {CJ,U,}. 


rn 










196. 


DS = 


= {C|,U.}. 


r„ 










197. 


DJ = 


= {CJ,U.|. 


r,fc 
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Hobhedry.- 


- 








The groups 


Dm are most easily obtained by combining groups of D? with 


an inversion. 


This point of inversion 


will lie either at the intersection of a 


three-fold and 


a two-fold 


axis, 


(I), or 


midway between two such interseo- 


tions (10. 










198. 


D.'.-{DJ, 




r„ 




199. 


DA = {Di, 


1 1 • 


r^ 




200. 


D^. = {D|, 




r„ 




201. 


da-id;, 


It, 


T^ 




202. 


D^.=.{DJ, 




Trt. 




203. 


DA-IDJ, 


I'}. 


r,,. 





HEXAGONAL DIVISION. 

Trigonal paramorphic hemihedry. — 

The single space-group isomorphous with Cj is obtained by reflecting Cs 
in a horizontal plane. 

204. ci={ci,s,). r. 

Trigonal holohedry. — 

The groups D^ arise by reflecting groups Dg' in a horizontal plane which 
either contains the two-fold axes, (Sn), or lies midway between them, (Sn). 

205. D3*^-{DJ,S„}. T^ 

206. D3"„-{Di.S„,}. r,^ 

207. Ds',»={Di,S,,}. r„ 

208. D,*,= {DJ,S„}. r„ 

Hexagonal tetartohedry. — 

The space-groups isomorphous with Q result from combining a six-fold 
screw-axis with the hexagonal lattice. 



209. cJ-|a(0, r^|. r, 

210. c;=|A(|,0r„|. r„ 

211. cS.{A(|,^f)4 r. 

212. cj-|A(^,y'),r„|. r, 

213. cS = {A(^.'f),4 r. 

214. cS-|A(|,r.),r»j-. r,. 
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Hemimorphic hemihedry. — 

The groups C^^ are obtained by oombining groups C^ with the operation 
of a vertical reflecting plane which passes through either the line AA' or the 
line AB of figure 26. The reflection in the plane through AA' will be desig- 
nated as S«. 



216. 
216. 
217. 
218. 



C,J-{Cj.S.(r.)}. 
C«T={C«, 8,}. 

c,^-{c;.s.(r.)). 



Ft 



Patamorphic hemihedry, — 

The space-groups isomorphous vith CS can be obtained by reflecting groups 
C? in a horisontal plane. 



219. 
220. 



C«h — {Ce, Si,}. 
C«h"{Cj, On). 






Enantiomorphic hemihedry. — 

The space-groups DJ^ are most simply derived by combining groups Ce^ 
with the operation of a two-fold axis which coincides with the X-axis of coor- 
dinates of the point and isomorphous space-groups (AA' of figure 26), This 
two-fold rotation will be represented by U^. 



221. 


DJ-ICJ.U.}. 


Tfc 


222. 


DI-ICJ.UJ. 


Tfc 


223. 


d;-{c;,u.). 


r» 


224. 


DJ = {CJ,U.|. 


Tfc 


225. 


DS-ICS.U.I. 


Tfc 


226. 


DS-{CJ,U.}. 


Th 



Holohedry. — 

The groups D^ result by combining groups DJ^ with an inversion which 
lies in the six-fold axis either at its intersections with the two-fold axes (I) 
or at points midway between such intersections, {V). 



227. 


DeV-fDj.!}. 


r» 


228. 


DA-{DJ,I'}. 


r» 


229. 


DA-{DtI}. 


r» 


230. 


da-id;,!'). 


r^ 
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CHAPTER III. 

THE APPLICATION OF THE THEORY OF SPACED 

GROUPS TO CRYSTALS-* 

UNITS OF STRUCTURE. 

A space lattice has been definedf as the sum total of the points of inter- 
section of any three sets of planes. These sets of planes partition the space 
into units of structure, all of the same size and shape. Such a unit is 
OABDEGFC of figure 18. There will ibuB be a unit corresponding to each 
of the 14 lattices; points of the lattice will be found at each of the comers of 
the unit prisms and in some cases other points of the lattice will lie in the 
center of the unit or at the centers of faces (as examples, To''' and To'O* If 
the lattice is a monocUnic lattice, the unit will be some sort of a monoclinic 
prism; if the lattice is cubic, the unit will be a cube, and so on. 




Fio. 27. The unit oeU derived from Ft,. The 
edges of this unit are of unequal lengths and 
nmke unequal angles with one another. 

Just as a simple lattice can be divided inUS unit prisms by three sets of 
planes parallel to the axes of coordinates, so any space grouping of points, 
built upon some lattice, can be similarly divided. The fourteen units of 
structm^ characteristic of the fourteen space lattices are shown in figures 
27 to 34. The number of the points of the lattice to be associated with a 
unit prism can be readily told. For instance, in the case of the simple cubic 
lattice, r„ this number is one since each of the eight points of the lattice 
located at the eight comers of the cube is shared by the seven other cubes 
meeting at this point and there are no other lattice points contained in or touch- 
ing the unit* For the same reason the unit cube of a space grouping having 
this lattice fundamental to it will have a single group of equivalent points 
(the n points about a single point of the lattice) associated witii it; each of the 
8 comer-points of the lattice will contribute to the cube one eighth, and each 
a different eighth, of the equivalent points ranged about it. 

^P. Ninii, op. dt.; Ralph W. Q. Wyokoff, Am. J. Soi. I, 127. 1921. 
t See p. 22. 
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UNIT OF STRUCTURE FOR SPACE-GROUP 



^8h» 



A consideration of the unit of the space-group aheady discussed in detail, 
Cj^n, will make this more clear. The unit prism, OAFCGBDE of figure 20 
(see also figure 18), contains four equivalent points M, M', M", and M"', the 
coordinates of which are M(xyz), M'(2rx— x, 2ry— y, z), M"(x, y, 2r,— z) and 
M"'(2rx— X, 2ry— y, 2r,— z). Since, however, the arrangement about every 
point of the lattice is the same as that about every other, it follows that 
corresponding points of the groups about neighboring points of the lattice 
are entirely similar. It is, then, so far as the expression of the relative posi- 
tions of equivalent points is concerned, permissible to consider 2rx— x= — x, 
— y=2ry— y, and — z = 2r,—z.* The coordinates of the four equivalent 
positions of the unit of structure of the space-group Ci are thus: 

xyz; -X, -y, z; x, y, -z; -x, -y, -z 
or, as it will hereafter be written: 

xyz; xyz; xyz; xyz. 
The number of points of the lattice to be associated with the units of each 
of the other lattices can be similarly obtained and from this the coordinates 

which can be taken as typical of the posi- 
tions of equivalent points within the unit 
of any space-group can be written down. 
The treatment of a slightly more com- 
plicated space-group will outline the 
necessary procedure. For this purpose 
we will take the space-group Cjh obtained 
by placing the point-group C? at the 
points of the second monoclinic lattice 
r,^ (figure 29). The unit prism of this 
lattice proves to be a monoclinic prism 
with additional points of the lattice at the 
centers of two of its faces. The eight 
points of the lattice that are located at 
the corners of the prism serve, as with 
the space-group €2^, to place within it the 
equivalent points of one group (in this 
instance, by definition, a point-group). 
One half of the points about each of the two 
points of the lattice at the diagonals of faces (and opposite halves) He within the 
unit prism so that these two points of the lattice together contrive to place within 
the unit a second group of equivalent points. If O of figure 29 is taken as 

* This simplification is gjMmetrically justified (1) since the unit prism that has been chosen 
has no particular physical significance but serves rather as a unit that is conveniently visualised 
and (2) because the coordinates adopted actually define a group of equivalent points which re- 
peated along and parallel to the axes of coordinates will build up the entire assemblage. It is, 
moreover, justified analytically as an expression of the points associated with the unit prism itself (if 
one prefers to think of this unit) because as applied to the study of the structure of crystals, these 
coordinates define the interference effects to be expected from atoms placed at these positions; 
this definition involves sine and cosine terms within which 2rx* 2ry, and 2ri in 2t^— x. etc., dis- 
appear. 



n.^ - 

Y..y^ ^ in^^ 



Fig. 28. If OX 5-SOY 5-s yz and ZY is 
normal to the plane YOX but 
ZYOX;^ 9(f, this is the unit of 
Tb; if the three edges are mu- 
tually perpendicular and (1) 
OX5«^OY7»^YZ, the unit corre- 
sponds to To, (2) if OX-OY?^YZ 
it corresponds to rt(a) or (3) if 
OX-OY- YZ the unit lb that of To. 
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the origin, the centers of the second group of equivalent points will be for the 
half of the equivalent points at P(0, r„ t.) and for the other half at the oppo- 
site point P'(2tx, Ty, r.). Keeping in mind the analogous case of €2^ (figure 
20) the actual coordinates of the equivalent points within this unit are:* 
xy« ; 2rx-x, 2Ty--y, z ; x, y, 2r,--z ; 2rx-x, 2ry-y, 

2t,--z; 
X, y+Ty, z+r,; 2rx-x, Ty-y, z+r,; x, y+ry, Tn-z; 2rx-x, Ty-y, 

Tu'-Z. 

Just as was done for the space-group C311 these coordinates can be reduced to: 
xyz ; Syz ; xyg ; Sy2 ; 

X, y+Ty, z+r.; X, Ty-y, z+T.; x, y+ry,r.-z; S, Ty-y, t.-z. 
It will be observed that this process is equivalent to placing a group of equiva- 
lent points (in this case a point-group) at the origin and at one other point 
(0, Ty, r,). 




Fig. 29. U YZ J. plane YOX and ZYj^ 
YO?^OXand (1) if ZYOX^^OO", 
the unit corresponds to Fm', (2) if 
ZY0Xa9(f, it corresponds to 
W (b). 




Fig. 30. This unit is a rectangular 
parallelepiped; if YZ5«^Y05«^OX 
it corresponds to To'Ca), ifj^ZY 
5^Y0-0X to r»(b). 



The positions of the equivalent points within a unit for each of the space- 
groups can be expressed in the same way as the coordinates of the character- 
istic groups of equivalent points placed at typical points of the lattice.f The 
typical point or points of the lattice corresponding to a particular unit are in 
all cases the origin, as well as sometimes tiie center of tiie imit or, as in this 
latter instance, C^i, the center of a side or the centers of several sides. The 
extension of this same line of thought to the rest of the 14 lattices will show the 
number of groups of equivalent points to be associated with the unit. Thus 
the coordinates of typical points of the lattice which serve as centers of these 
groups are those of Table 2. 

* This 18 true if « is less than rx, y than ry and s than r,. A slight and obvious modification 
which would yield final and reduced values the same as these, would define the points within this 
unit prism if one or all of «, y and t exceed rs» ry or r,. 

t The general case of each space-group (Chapter IV) in which there are three vaiiable para* 
meters is obtained by placing the oharacteristio group of equivalent points at the typical points 
of the underlying lattice. 
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THE 14 UNITS OF STRUCTURE. 



Table 2. 



Number of 






Lattice. associated 


Coordinates of 




lattice points. 
Tbiclinic System. 


typical points. 




1. r*, 

MoNocLiNic System. 


1 


(000). 


Fig. 27. 


2. r„ 

3. r„' 
Ostborhombic Systeu 


1 
2 


0(000). 

(000); P (0, r„ r.). 


Fig. 28. 
Fig. 29. 


4. To 
6a. To' (a) 
b. r.' (b) 

6. To" 

7. To'" 
Tetragonal System. 


1 
2 
2 

4 

2 


(000). 

O(000);Pi(tx,t„0). 
O(CCC); P(0,Ty,r.). 
O(CCC);P(0,Ty,T.); 
Pi(rx,Ty,0); P,(tx,0,t.). 
0(CCC); P, (tx, Ty, T.). 


Fig. 28. 
Fig. 30. 
Fig. 29. 

Fig. 31. 
Fig. 32. 


8a. Ft (a) 

b. r* (b) 

9a. r/ (a) 

b. r.' (b) 
Cttbic System. 


1 
2 

4 

2 


(COO). 

0(CCO);P, (rx,Ty,0). 

O(CC0);P(0,Ty,T.); 

Pl(Tx,Ty,0); Pj(Tx,0,T.). 

0(OCO);P.(rx.ry,r.). 


Fig. 28. 
Fig. 30. 

Fig. 31. 
Fig. 32. 


10. r. 

11. r.' 

12. r." 

Hexagonal System.* 


1 

4 

2 


(COO). 
O(C00);P(0,ry,r.); 

Pl(Tx,Ty,0);P, (Tx,0,T.). 

O(000);P,(rx,ry,r.). 


Fig. 28. 

Fig. 31. 
Fig. 32. 


13. r,h 

14. Th 


1 
1 


(COO). 
(000). 


Fig. 33. 
Fig. 34. 



SPACE-GROUPS AND CRYSTALS. 
Every crystal, considered as a regular arrangement of atoms in space, 
must possess the symmetry of some one of the 230 space-groups. The theory 
of space-groups, then, supplies a method with the aid of which it should be 
possible to represent all of the ways in which the atoms of a crystal can be 
arranged in space. If an atom of a crjrstal occupies such a position that it 
corresponds with the coordinate position xyz of an equivalent point of the 
space-group having the symmetry of the crystal, then symmetry demands that 
exactly similar atoms shall be found at positions corresponding to those of 

* The unit cell for Fh can also Ibe taken as a base-centered rhombic prism, the lengths of whose 
sides stand in the ratio of 

a : b : c = V^3 : 1 : c. 
Niggli (op. citO has. worked out upon this basis the ^alytical expression for all otthe groups 
leaving Fh as the fundamental lattice. Such a unit is useful when it is desired to compare an 
hexagonal crystal with one exhibiting rhombic, tetragonal or cubic symmetry. 
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each of the other equivalent points of the space-group. Most crystals are 
built of atoms of more than one sort. As a consequence if we find the atoms 
of kind A occupying the positions of equivalent point xyz and the other points 
equivalent to it, the atoms of B will be found at some other positions developed 
from x' y' z', and so on. 

The atoms of a crystal may thus be thought of as occupying the positions 
of a sort of composite space-group developed by superimposing several sets 
of equivalent positions upon the same set of axes (and other elements of sym- 
metry). The atoms of a crystal, as a result, must be arranged in groups with 
centers at the points of one of the space lattices. Such a group of atoms has 




Fio. 31. A rectangular parallelopiped. If 
YZ7»^Y07«^0X it coirespondB to To", if 
YZ?iYO-OX to Ma), or if YZ-YO 
-OX to Tc'. 



Fig. 32. A rectangular parallelopiped. If 
YZ7«^Y0?«S0X it corresponds to W% 
if YZ?«iYO-OX to Mb), or if YZ- 
YO -OX tor.". 



been called a crystal molecule. In this sense the crystal molecule is a purely 
geometrical conception and except under special conditions would not be 
thought of as possessing any physical significance. 

It is possible, of course, to think of a crystal as divided, in the same way 
that a space-group can be divided, into a large niunber of unit prisms by sets 
of planes passing parallel to the three planes each of whicl^ contains two of 
the axes of coordinates. Measurements of the X-ray spectrum from the face 
of a crjrstal together with a knowledge of the density of the crystal can be 
made to yield the number of chemical molecules that are to be associated 
with this unit of structure.* If a compound were of the type AB, where A 
is one kind of atom and B another, and if the atoms of A occupy the most 
general equivalent positions one of which is xyz, then there will be as many 
chemical molecules of AB associated with the unit prism as there are equiva- 

* The factor actually determined is n*/m, where n is the "order" of the reflection spectrum 
and m is the number of chemical molecules associated with the unit prism. The value of n cannot, 
however, in general be determined so that m may usually have one of two or perhaps three values. 
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lent points in the unit. This number may under certain conditions be relsr 
tivcly great. For instance, in the case of the space-groups having the sym- 
metry of the holohedry of the cubic system, the number of equivalent points of 
the point-group C, and of the other groups of points associated with a 
single point of the lattice, is 48. If then the fundamental lattice of a holo- 
hedral cubic space-group is the simple cubic lattice Fe and the compound 
crystallizes with this symmetry (as sodium chloride does, for instance), 48 
(if all of the A atoms are alike and all of the B atoms are also alike, and 
more if they are not alike) chemical molecules of AB must be placed within 
the unit cell; if the lattice were, on the other hand, the face-centered lattice 
Te with four points of the lattice associated with the unit, this nmnber of 
molecules of AB must be at least 192. 




Fio. 33. If the three edges meeting at O 
are of equal legths and make equal, 
angles with one another, this unit cor- 
responds to Frh. 



Fig. 34. If ZO i plane YOX and 
ZYOX = 120°, a rhombic prism 
two of the sides of whose base 
are XO and OY and of height 
OZ serves as the unit for Fh. 



SPECIAL CASES. 

If, however, the values of x, y and z which express the positions of the atoms 
of A and B are such that the atoms lie upon some element of synmietry, two 
or more of the equivalent positions coincide and this number of molecules to 
be placed within the unit cell will be reduced. For instance if a point were to 
lie upon a plane of synunetry, it would of course be identical with its mirror 
image; or if it stood in a three-fold or four-fold axis of sjmimetry, three pr 
four of the equivalent points would occupy the same position. In the space- 
group Cjh (figure 20) if z is equal to r„ that is, to one half of the height of 
the imit prism, then the four equivalent points of the unit would occupy two 
positions (M coincides with M" and M' with M'") or if x is equal to r,, and y 
to Ty, the four points will have two equivalent positions (M will coincide 
with M' and M" with M"0« If x-y-z=0 then the four points will all unite 
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at the origin and there will be but one equivalent position within the unit; 
the same is true if x=Tx, y=Ty and z=t,. 

The results of all of the X-ray experimentation which has thus far been 
carried out seem to point to the fact that this number of chemical molecules 
to be contained within a imit cell is in all probabuity very much less than the 
number of most generally placed equivalent positions. As a consequence the 
determination of these special cases of the space-groups becomes of the utmost 
importance to the person interested in the structure of cr3rstals. 

A discussion of calcite, which has already been treated in detail by this 
procedure,* will serve to indicate the need for these special cases of the space- 
groups. The X-ray measurements show that almost certainly two chemical 
molecules of calcium carbonate are to be associated with a imit rhombohedron. 
Calcite crystallizes with a symmetry which is that of the point-group Dj. 
Two space-groups isomorphous with Dj, namely DgJi and D^, have Frh as 
the fundamental lattice. Since two chemical molecules of calcium carbonate 
are to be associated with the imit rhombohedron, two calcium atoms, two 
carbon atoms and six oxygen atoms must be placed within it. These two 
calcium atoms may conceivably be alike or they may be different one from the 
other; the same is true for the two carbon atoms; and the oxygen atoms may 
be for instance (1) all alike, (2) all different, (3) four alike and two different, 
(4) two sets of three like atoms or (5) three sets of two like atoms. Copjdng 
from page 157 it is seen that all of the potential atomic positions consistent 
with the space groups Da'^^ and Ds^ are 

Space-Group Dl^: 

One equivalent position: 

(a) 000. (b) Hi 

Two equivalent positions: 

(c) uuu; tititl. 
Three equivalent positions: 

(d)OOi; OiO; iOO. (e)OH; HO; iOi 

Six equivalent positions: 



(f) uao; 


flOu; OuQ; 


QuO; 


uOQ; 


OQu. 




(g)uQj; 


Qiu; iuQ; 


Qui; 


uiQ; 


^Qu. 




(h) uuv; 


uvu; vuu; 


Qttt; 


QvQ; 


^QQ. 




Txoelve eqiiivalent positions: 










(i) xyz; 


yzx; zxy; yxz; X2y; 


zyx; 






m; 


y2X; zXy; yxz; xzy; 


zyx. 






Sface-Gboup Dm: 












Two equivalent positions: 










(a) 0; 


Hi 


(b)iii 


; Hi 


• 




Four equivalent positions: 










(c) uuu; 


QQfl; i-u, 


i-u, i- 


-u; u- 


H. u+i 


u+i. 



* Ralph W. G. Wyckoff, Am. J. Soi. 50, 317. 1920. 
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46 THE TYPICAL CASE OF CALCITE. 

Six equivalent positions: 

(d) iH; ifi; HI; iH; Hi; Hi 

(e) uQO; aOu; Outi; J-u, u+J, i; u+J, i, J-u; 

Ttfjefce equivalent positions: 

(f) xyz; yzx; zxy; yxz; xzy; zyx; 

i-x, i-y, J-z; i~y, i-z, J-x; J-z, ^-x, J-y; 

y+l, x+i z+i; x+J, z+J, y+i; z+J, y+i, x+f 
The attempt to write down on the basis of these coordinate positions the 
different arrangements of the atoms in calcite that are possible in the light of 
its symmetry immediately eliminates many of the possibilities just discussed. 
For instance it is clear that in neither case are there enough special cases of 
one equivalent position so that the two calcium atoms can be different and 
the two carbon atoms also different. The same fact shows that possibility 
(2) for the arrangement of the oxygen atoms may also be omitted from con- 
sideration; it can be similarly shown that there are in neither space-group 
sufficient special cases so that four of the oxygen atoms can be alike and two 
different. All of the possible wayB for the atoms of calcite to be arranged 
can then be written as:* 
Arrangements arising from DgV 

(a) Ca=uuu; ti u u. 

C=UiUiUi; Uitiiil2. 

O=U2Q2 0; U2OU2; OU2Q2; U2U2O; U2OU2; OQ2U2. 

(b) Ca and C as in (a). 

0=U2a2i; U2iu2; iu2U2; \h\i2^; U2JU2; Ja2U2 

(c) Ca and C as in (a). 

0=U2U2v; U2VU2; VU2U2; U21I2V; U2VQ2; VQ2U2. 

(d) Ca and C as in (a). 

= U2U2U2; a2ll2tl2. UsUjUs; Ustislls. U4U4U4; a4U4U4. 

(e) Ca and C as in (a). 

O=00i; OJO; JOO. OH; HO; iOf 
Arrangements arising from D^^: 

(f) Ca=iH; HI or 000; Hi 

C=ooo; Hi or Hi; Hi 
0=iH; Hi; fit; iH; iii; iii 

(g) Ca and C as in (f). 

= utlO; QOu; Outi; i-u, u+i, i; u+i i, i-u; 
i i-u, u+i. 
In this same manner all of the ways of arranging the atoms in any crystal 
can be written down from a knowledge of the number of molecules to be 
associated with the unit cell (as fiu-nished by the X-ray spectrum measure- 
ments) and from a consideration of the special cases of the different space- 
groups possessing the symmetry of the crystal. 

* These arrangements, giving as we have seen the positions of the atoms within a miit cell 
which by simple translations along the axes of reference will locate all of the atoms in the ciystal 
are in a form which is immediately usable for testing them by fuither X-ray measurements. 
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CHAPTER IV. 

THE COMPLETE ANALYTICAL EXPRESSION OF 

THE SPACE-GROUPS. 

Niggli has already recorded many of the simpler cases for the various space- 
groups. For some time the present writer has been engaged in working out 
analytically aU of the special cases of the space-groups. The tables which 
follow are the results of these computations. They purport to give the coordi- 
nates of the most generally placed equivalent points and all of the special 
cases of these equivalent points contained within the imit of structure of each 
of the 230 space-groups. 

The analytical determination of the special cases can be quite simply 
carried out by equating the coordinates of one point xyz with those of each of 
the other equivalent positions within the unit cell. This will yield a scries 
of special cases (if any exist) which can be further specialized by applying this 
same process to the coordinates of these special positions. The continued 
use of this procedure will eventually yield all of the special cases for a space- 
group.* By way of illustration the special cases of the space-group C2h 
(page 49) will be deduced. The positions of the most generally placed 
equivalent points in the unit cell of this space-group are 
xyz; xyz; xyz; xyz. 

Equivalent point xyz will have the same position as equivalent point jcyz 
when 

(1) x=x, y=y, z^z; that is, when x=0 or J (Xa), y=0 or i (Xb) and 
z=w(Xc) where w is any fractional part of c. The lengths a, b, c 
are unit lengths along the X-, Y- and Z-axes. 

It will have the same position as the point xyz when 

(2) x = x, y=y, z=z; that is, when x=u(Xa), y=v(Xb), z=0 or 

J(Xc); u and v are any fractional parts of a and b, respectively. 
The points xyz and xyz will coincide in position when 

(3) x=x, y=y, z^z; that is, when x=0 or i(Xa), y=0 or i(Xb), 

z=Oori(Xc). 
The special cases of this space-group then arise from using these values 
for X, y and z. They are 
From(l): 
(a) when x=0, y=0, and z=w;t then OOw; 0^. 

* The algebra of this process differs in certain details from the more ordinaiy kind. For in- 
stance there arises from our previous definitions the fact that 0»1b2» Further- 
more x«i«0 or i, andz =s J- X =» for |, and more generally x=l/n— x« "° , where n«l, 
2. 3. • • • • . 

tin this example and in all of the tables which follow only the fractional parts of the unit 
lengths along the different coordinate axes will be stated. If for any reason absolute distances 
of points are desired, it is of course necessary to multiply the coordinate values given in t-hese 
tables by the proper values of a, b and c. 

47 
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48 THE TRICLINIC SPACB-QBOUPS Cl AND Cf. 

(b) when x=0, y^i, XBw; then 0}w; 0}W. 

(c) whenx«}, y— 0, £«w; then iOw; iOW- 

(d) when x=i, y =i, *=w; then H w; H W. 
From (2): 

(e) whenx=u, y=v, 2=0; then uvO; Q^O. 

(f) whenx=u, y=v, «=i; then uvj; Ovf. 
From (3): 

(g) when x=y =2=0; then 0. 
(h) whenx=i, y=2=0; then iOO. 
(i) when x=2=0, y=i; then OJO. 
(j) whenx=y=0, 2=i; then 00 J. 
(k) when x=0, y and 2=i; then | i. 
(1) when X and 2=^, y =0; then i J. 
(m) when x and y=|, 2=0; then ^ § 0. 
(n) when x, y and 2=|; then | § ^. 

We must now specialize by the same procedure each of the special cases 
(a) to (0- Inspection, however, shows that in the present instance this will 
lead to no new special positions. All of the special cases of the space-group 
C2h are then defined by (a) to (n). 

The other space-groups can all be specialized in the same fashion. These 
special positions for each space-group are given in the tables which follow. 

TRICLINIC SYSTEM. 

A. HEMIHEDRY. 
Space-Gboup C}. 

One equivalent position: 
(a) xyz. 

B. HOLOHEDRY. 
Spacb-Gboup C}. 

One equivalent position: 

(a) 000. (e) i§0. 

(b) 00§. (f) iO§. 

(c) OiO. (g)OH. 
(d)iOO. (h)iH. 

Ttuo equivalent positions: 
(i) xyz; xyz. 



Digitized by 



Google 



THE MONOCLINIC SPACE-GROUPS Cj-ci. 49 

MONOCLINIC SYSTEM. 

A. HEMIHEDRY. 
Space-Gboup Cj. 

One equivalent position: 

(a) u V 0. (b) u V J. 

Two equivalent positions: 
(c) xyz; xyz. 

Spacb-Gboxjp CJ. 

TiDO equivalent positions: 
(a) xyz; x+i, y, z. 

Space-Group CJ. 

Two equivalent positions: 

(a) u V 0; u, v+i, i 
Four equivalent positions: 

(b) xyz; xyz; x, y+§, z+i; x, y+i i-z. 

Space-Group CJ. 

Four equivalent positions: 

(a) xyz; x+i y, z; x, y+i, z-|-§; x+J, y+i, i-z. 

B. HEMIMORPHY. 
Space-Group CJ. 

One equivalent position: 

(a) u. (b) iOu. (c) Oixx. (d) Hu. 
TiDO equivalent positions: 
(e) xyz; Xyz. 

Space-Group CJ. 

Two equivalent positions: 
(a) xyz; x, y, z-f-i 

Space-Group CJ. 

Two equivalent positions: 

(a) u; 0, §, u+§. (b) i u; §, i, u-hj. 
Four equivalent positions: 

(c) xyz; Xyz; x, yH-J, z+§; X, J-y, z+§. 

C. HOLOHEDRY. 
Space-Group €3^. 

One equivalent position: 

(a) 000. (e) OH- 

(b)OOi. (0 §0§. 

(c) iOO. (g) HO. 

(d)OiO. (h)Hi 
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50 THE MONOCLINIC SPACE-GROUPS Cah-Cah- 

Space-Gboxjp Ci (continued). 
Two equivalent positions: 

(i) OOu; OOQ. (1) Hu; H^. 

(J) Oiu; OiQ. (m)uvO; uvO. 

(k)§Ou; iOa. (n)uvi; QirJ. 

Four equivalent positions : 

(o) xyz; xyz; xyz; xyz. 
SpacihGboup Cat- 

Two equivalent positions: 

(a) OOi; 00}. (d)Hi; Hi 

(b) OH; OH. (e) uvO; uvj. 

(c) iOi; iOi 
Fowr equivalent positions: 

(f) xyz; X, y, z+J; xyz; x, y, i-z. 
These coordinate positions can be simplified by transferring the origin to 

the point ( o' ) of this first set. They then become : 

Two equivalent positions: 

(a) 000; OOi. (d) HO; Hi- 

(b) OiO; OH. (e) uvi; uv}. 

(c) iOO; iOJ. 
Four equivalent positions: 

(f) xyz; X, y, z+i; x, y, J-z; xyz. 
Space-Gboup CaV 

Two equivalent positions: 

(a) 000; OH. (c) iOO; Hi 

(b) OOi; OiO. (d) iiO; iOf 
Four equivalent positions: 

(e) OH; ofi; OH; OH. , 

(f) Hi; Hi; Hi; Hi 

(g) OOu; OOQ; 0, J, u+§; 0, i, i-u. 
(h)iOu; iOQ; i, i u+J; i, i §-u. 
(i) uvO; QvO; u, v+i, i; Q, §-v, *. 

Eight equivaleDt positions: 

(j) xyz; xyz; x, y+J, z+J; x, i-y, z+J; 
xyz; xyz; x, J-y, f-z; x, y+i, J-z. 
Space-Gbotjp Cjt. 

Tiw) equivalent positions: 

(a) iOO; fOO. (d) i 4 0; HO. 

(b) iH; H4; (e) OOu; JOG. 

(c) iOi; fOJ. (f) Hu; OH- 
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THE MONOCUNIC SPACE-GROUPS Ci-Ci. 51 

Space-Gboxjp C^ {continued). 
Four equivalent positions: 

(g) xyz; xyz; x+i, y, z; J-x, y, z. 
These coordinate positions can be simplified by transferring the origin to 
the point ( ^ ) of this first set. They then become : 

Two equivalent positions: 

(a) 000; iOO. (d) OJO; HO. 

(b)OH; Hi (e) iOu; }0u. 

(c) OOi; iOi. (f) Hu; Ha. 

Four equivalent positions: 

(g) xyz; i-x, y, z; x+i, y, z; xyz. 
SpACE-Group Cgh. 

rt£70 equivalent positions: 

(a) iOi; }0i. (c) iOi; }0i. 

(b)Hi; iH. (d)Hi; Hi 

Four equivalent positions: 

(e) xyz; X, y, a+i; x+i y, z; J-x, y, i-z. 
These coordinate positions can be simplified by transferring the origin to 
the point l-^, ■^) ot this first set. They then become: 

TvH) equivalent positions: 

(a) 0; iOi. (c) OOJ; fOO; 

(b)OiO; Hi. (ci)OH; §io. 

Four equivalent positions: 

(e) xyz; i-x, y, z+J; x+i y, J-z; Xy2. 
Spacb-Gboup C^. 

Four equivalent positions: 
. (a) iOO; ioo; Hi; i H- 
(b)iOJ; |0i; HO; iiO. 

(c) Hi; IH; iii; iH- 
(d)i}i; HI; Hi; iii- 

(e) OOu; iOO; 0, i, u+i; i, i, i-u. 
Eight equivalent positions: 

(f) xyz; xyz; x+i, y, 2; i-x, y, z; 

X, y+i, z+i; X, i-y, z+i; x+i, y+i, i-z; 

i-x, i-y, i-z. 

A change of origin to the point ( ^ ) o' ^^ set of coordinates would simplify 

(a) and (b). 
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52 THE ORTHORHOMBIC SPACE-GROUPS CaV-C^. 

ORTHORHOMBIC SYSTEM. 

A. HEMIMORPHY. 
Space-Gbottp C^. 

One eqiiivalent position: 

(a) OOu. (c) iOn. 

(b)0§u. (d)§iu. 

Two equivalent positions: 

(e) uOv; aOv. (g) Ouv; OQv. 

(f) ujv; uiv. (h)§uv; §Qv. 

Four equivalent positions: 

(i) xyz; xyz; xyz; xyz. 

Space-Geotjp Car. 

Two equivalent positions: 

(a) uOv; Q, 0, v+J. (b)u§v; u, i, v+J. 

Four equivalent positions: 

(c) xyz; X, y, z+i; xyz; x, y, z+J. 
Space-Group C,*^. 

Two equivalent positions: 

(a) OOu; 0, 0, u+J. (c) iOu; |, 0, u+i. 

(b)Oiu; 0, i, u+i (d)§iu; J, i, u+i 

Four equivalent positions: 

(e) xyz; xyz; x, y, z+i; x, y, z+i, 
Space-Geoup Ca*T. 

Two equivalent positions: 

(a) OOu; §0u. (b) H^; OJu. (c) Juv; fQv. 
Four equivalent positions: 

(d) xyz; xyz; x+i, y, z; J-x, y, z. 

Space-Group CjV 

Four equivalent positions: 

(a) xyz; X, y, zH-§; x+i y, z; f-x, y, z+f 

Space-Group Car- 

TtiM) equivalent positions: 

(a) OOu; i, 0, u-f-i (b) Hu; 0, J, u+J. 

Four equivalent positions: 

(c) xyz; xyz; x+J, y, z+J; i-x, y, z+J. 
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THE ORTHORKOMBIC SPACE-GROUPS C^^-Cji. 53 

Space-Group C,V 

Two equivalent positions: 

(a) Juv; i, Q, v+J. 
Four equivalent positions: 

(b) xyz; x, y, z+i; x+J, Jr, z+J; i-x, y, z. 

A slight siraplification can be effected by transferring the origin of coordi- 
nates to ■— of this first set. They then become : 

Two equivalent positions: 

(a) Ouv; J, Q, v+J. 
Four equivalent positions: 

(b) xyz; i-x, y, z+J; x+J, y, z+i; xyz. 

Spacb-Geoxjp Car. 

Tt£H> equivalent positions: 

(a)00u; Hu- (b) jOu; Oju. 

Four equivalent positions: 

(c) xyz; xyz; x-f-J, J-y, z; J-x, y+J, z. 

Spacb-Geoup C^. 

Four equivalent positions: 

(a) xyz; X, y, z+J; x+J, J-y, z; i-x, y+J, z+J. 

Spacb-Geoup CJJ. 

Tt&o equivalent positions: 

(a)0 0u; 4, i, u+i (b) Oju; J, 0, u+J. 

Four equivalent positions: 

(c) xyz; xyz; x+i, J-y, z+J; J-x, y+J, z+J. 

Spacb-Geoup CJJ. 

Two equivalent positions: 

(a) OOu; Hu. (b) jOu; Oju. 

Four equivalent positions: 

(c) Hu; Hu; Hu; iiu. 

(d) uOv; aOv; u+i, i, v; i-u, i v. 

(e) Ouv; Oflv; J, u+i, v; J, J-u, v. 

Eight equivalent positions: 

(f) xyz; xyz; xyz; xyz; 
x+i,y+J, z; J-x, J-y, z; x+i J-y, z; J-x,y+iz. 
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54 THE ORTHORHOMBIC SPACE-GROUPS clJ-C". 

Space-Group CJJ. 

Four equivaleDt positions: 

(a)uOv; a, 0, v+§; u+J, i, v; J-u, J, v+i 
Eight equivalent positions: 

(b) xyz; x, y, z+J; xyz; X, y, z+i; 
x+i,y+J, z; i-x, J-y, z+i; x+if-y, z; 

§-x, y+J, z+§. 

Space-Group CJJ. 

Four eqmvalent positions: 

(a) OOu; Hu; 0, 0, u-f-J; i 4, u+J. 
(b)OJu; JOu; 0, i, u+i; i, 0, u+i 

(c) Hu; ifu; i, i u+i; f, i, u+i. 

EtgU eqmvalent positions: 

(d) xyz; xyz; x, y, z+J; x, y, z+J; 
x+iy+i, z; i-x, J-y, z; x+J, i-y, z+i; 

i-x, y+i, z+J. 

Space-Group CJJ. 

TiDO equivalent positions: 

(a) OOu; 0, i u+J. (b) Hu; i, 0, u+§. 

Four equivalent positions: 

(c) uOv; aOv; u, J, v+J; ti, J, v+J. 

(d)Ouv; Oflv; 0, u+§, v+J; 0, J-u, v+J. 

(e) Juv; iQv; i, u+J, v+i; J, §-u, v+J. 

£7tgA< equivalent positions: 

(f) xyz; xyz; xyz; 5cyz; 

X, y+i, z+i; X, i-y, z+i; x, J-y, z+i; X, y+i, z+i. 

Space-Group C\\. 

Four equivalent positions: 

(a) OOu; Oiu; 0, 0, u+i; 0, i, u+i. 
(b)iiu; iOu; i, i, u+i; i, 0, u+i. 

(c) ujv; afv; u, 1, v+i; a, J, v+i. 

Eight equivalent positions: 

(d) xyz; xyz; x, y, z+i; X, y, z+i; 
X, y+i, z+i; X, i-y, z+i; x, i-y, z; X, y+i, z. 

Space-Group CJJ. 

Four equivalent positions: 

(a) OOu; iOu; 0, i, u+i; i, i, u+i. 

(b)iuv; iQv; i u+i, v+i; i i-u, v+i. 
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THE ORTHORHOMBIC SPACE-GROUPS CjJ-CIJ. 55 

Space-Group CJ5 {continv^. 
Eight equivalent positions: 

(c) xyz; Xyz; x+i, y, z; J-x, y, z; 

x,y+i, z+i; X, i-y, z+i; x+ii-y, z+i; 

i-x, y+J, z+i 
Space-Group Cj^. 

Four equivalent positions: 

(a)0 0u; Hu; 4, 0, u+i; 0, J, u-f-f 
Eight eqmvalent positions: 

(b) xyz; x^z; x+i, y, z+i; i-x, y, z+J; 
x,y+iz+J; 5, i-y, z+4; x+i, i-y, z; i-x, y+i, z. 

Space-Group CJJ. 

Fotir equivalent positions: 

(a)0 0u; Hu; 4, 0, u+J; 0, i u+i 

Eight eqiuvalent positions: 

(b)Hu; Hu; i, i u+i; i i u+i; 

Hu; !iu; i, i, u+i; i, i, u+J. 

(c) uOv; aOv; u+J, J, v; J-u, i v; 
u+iO, v-f-i; i-u, 0, v+J; u, i, v+J; Q, J, v+ J. 

(d)Ouv; Oflv; iu-f-i,v; i, J-u, v; 

J, u, v+i; i, u, v+§; 0, u+i, v+J; 0, J-u, v-f-J. 

Sixteen equivalent positions: 

(e) xyz; xfz; xyz; Xyz; 

x+i, y+i z; J-x, J-y, z; x+4, i-y, z; J-x, y+i, z; 

x+iy, z+i; i-x,y, z+J; x+i,y, z+i; i-x, y, z+i; 

X, y+i, z+i; X, J-y, z+i; x, J-y, z+i; X, y+J, z+J. 

Space-Group CJJ. 

f^tgU equivalent positions: 

(a)0 0u; §Ju; i, i, u+i; i f, u+J; 

iO,u+i; o,iu+J; ii,u+i; i,i,u+i. 
Sixteen equivalent positions: 

(b) xyz; xyz; x+i, J-y, z+i; 

J-x, y-hi z-hi 
x+i, y+i, z; i-x, i-y, z; x+f, j-y, z+J; 

i-x, y+i, z+J 
x+i, y, z+i; i-x, y, z+i; x+f, J-y, z+i; 

i-x,y+i,z+i 
X. y+i, z+i; X, i-y, z+i; x+i, i-y, z+i; 

i-x, y+i, z+i 
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56 THE OBTHORHOMBIC SPACE-GBOUPS C^-v'. 

Space^boup C|?. 

7*100 equivalent positions: 

(a)00u; i, J, u+i (b) fOu; 0, J, u+J. 

Four equivalent positions: 

(c) uOv; aOv; u+i i, v+f; i-u, i v+|. 

(d) Ouv; OOv; J, u+J, v+i; J, J-u, v+i 

Eight equivalent positions: 

(e) xyz; xys; xy»; Xy«; 

x+l,y+ia+i; i-x,i-y, iB+J; x+J, i-y, a+J; 

J-x, y+l. z+|. 

Space^bottp Civ. 

Four equivalent positions: 

(a) OOu; iiu; 0, 0, u+J; i, i, u+i 
(b)Oiu; iOu; 0, i u+J; i, 0, u+J. 

Eight equivalent positions: 

(c) xyz; 3^s; x,y,a+i; x,y,«+i; 

x+i,y+i, «+i; i-x, J-y, *+J; x+j, i-y,«; 

i-x. y+i «. 
Spaci^Gboup C^. 

Fowr equivalent positions: 

(a) OOu; fOu; i, J, u+i; 0, i, u+|; 

(b)iuv; }Qv; }, u+i v+|; i i-u, v+i 
Eight equivalent positions: 



(c) xys; $ys; 


x+l, y, s; l-x, y, z; 


x+i y+i, s+l; i-x, i-y, »+J; 


X, i-y, »+i; 




X, y+i, »+ J 


B. HEMIHEDRY. 




Spact-Gboxjp V*. 




Om equivalent position : 




(a) 000. (d)OOi. (g)OH. 




(b)i00. (e)HO. (h)iH. 




(OOiO. (f) ioi. 




TvBO equivalent positions: 




(i) uOO; QOO. (m) OuO; OQO. 


(q)00u; OOa. 


0) uOi; OOi. (n)Oui; OflJ. 


(r) iOu; iOa. 


(k)uiO; QfO. (o) §uO; JQO. 


(s) oiu; oiQ. 


a) uH; aii (p)iui; Hi 


(t) Hu; Ha. 


Four equivalent positions: 




(u) xy»; xys; Xy«; xy». 
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Spacb-Gbotjp V*. 

Two equivalent positioDs: 

(a) uOO; aOj. (c) Oui; OQl. 

(b)uH; tiJO. (d)Jul; Jdi 

Fow equivalent positions: 

(e) xyz; xys; X,y,|-Jj; X,y,»+i 

Spacb-Gboup V*. 

Two equivalent positions: 

(a) OOu; HQ- (b) 0|u; ^Oa. 

Four equivalent positions: 

(c) xyz; x+i, i-y, 2; ^-x, y+J, »; xy«. 

Space<3boup V*. 

Four equivalent positions: 

(a) xyz; x+J, J-y, 8; X, y+J, |-z; i-x, y, »+J. 
Spacb-Gbottp V*. 

Four equivaknt positions: 

(a) uOO; QOi; u+|, i 0; J-u, i, J. 
(b)Oui; 0}; J, u+J, J; i i-u, f 

EigAt equivalent positions: 

(c) xyz; xy«; X, y, i-»; x,y, »+i; 

x+iy+l, a; x+iJ-y, «; J-x,y+J,J-z; 

J-x, J-y, z+i 

Space-Gboitp V*. 

Two Equivalent positions: 

(a) 000; HO. (c) OH; ioi 

(b)iOO; oio. (<i)H§; oo§. 

Four equivalent poedtions: 

(e) uOO; a 0; u+J, i, 0; J-u, J, 0. 

(f) uH; aHr u+i o, J; i-u, o, §. 

(g) OuO; OflO; §, u+J, 0; J, §-u, 0. 
(h)iu§; iQi; 0, u+J, i; 0, i-u, J. 
(i) OOu; OOQ; Hu; HO- 

(i) Oiu; OiQ; §0u; JOQ. 
(k)iiu; HO; Hti; iiu. 

^H^At equivalent positions: 

(1) xyz; xy2; Xy2; xyz; 

x+i»y+i»»; x+i j-y, 2; J-x,y+i,2; i-x,i~y, «• 
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Spacs-Gbottp V'. 

Four equivalent positions: 

(a) 000; HO; JOJ; OH- 

(b) JOO; OJO; OOJ; Hi 

(c) \\h Hi; !H; !ii. 
(<i)iH; iii; Hi; HI- 

Eight equivalent positions: 

(e) uOO; QOO; u+i \, 0; i-u, \, 0; 

«H; QH; u+i, o, i; i-u, o, i 

(f) OuO; OQO; J, u+J, 0; J, i-u, 0; 
Ju§; Hi; 0, u+i i; 0, J-u, J. 

(g) OOu; OOQ; §, 0, u+§; J, 0, |-u; 
Hu; HQ; 0, J, u+i; 0, i, i-u. 

(h)iiu; !!u; }, i i-u; \, i, i-u; 
HQ; Hfl; i i u+i; I, i u+i 

(i) Jui; }u}; I, i-u, }; J, i-u, i; 
itll; }QJ; i, u+i, i; i, u+i }. 

0) uH; uH; i-u, i i; i-u, i i; 

Qii; Q}J; u+i f, }; u+i ii 
/Sixteen equivalent positions: 

(k) xya; :^S; Xy«; xys; 

x+iy+iz; x+ii-y, S; i-x,y+i8; i-x, i-y, i; 

x+iy, 2+i; x+iy, i-z; i-x,y, i-«; i-x,y, 8+i; 
x,y+is+i; X, i-y, i-z; x, y+ii-z; X, i-y, «+i. 



Space-Group V*. 












Two equivalent positions: 








(a) 000; 

(b) iOO; 


iii 
Oii 




(c) OOi 
(<i)iOi 


iio. 
oio. 


Four equivalent positions: 








(e) uOO; 

(f) uOi; 

(g) OuO; 
(h)Oui; 
(i) OOu; 
0) Oiu; 


QOO; 
QOi; 
OQO; 
OQi; 
OOQ; 
OiQ; 


u+i i i; 
u+i i 0; 
i u+i i; 
i u+i 0; 
i i u+i; 
i, 0, u+i; 


3> 


-u, i i 
-u, i, 0. 
i-u, i 

i-u, 

i i-u. 
0, i-u. 



Eight equivalent positions: 

(k) xyz; xyS; XyS; xyz; 

x+iy+ia+i; x+ii-y, i-z; i-x, y+i i-z; 

i-x, i-y, s+i 
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Space-Gboxjp V*. 

Four equivalent positions: 

(a) uOi; l-u, 0, 1; QH; u+i, i, \. 

(b) JuO; i J~u, 0; iaf; f, u+i, \. 

(c) Oiu; 0, i J-u; §itl; i i u+J. 
J^tgrA^ eqwvalent positions: 

(d) xyz; x, y, J-z; J-x, y, z; X, J-y, z; 
x+iy+J, z+J; x+l, §-y, 2; X,y+i, f-z; J-x,y,z+J; 

C. HOLOHEDRY. 
Space-Gboup VJ. 

One equivalent position : 

(a) 000. (d)iOi. (k)OH. 

(b)§00. (e)OiO. (h)§H. 

(c) 00§. (0 HO. 

Two equivalent positions : 

(i) uOO; a 0. (m)OuO; OaO. (q) OOu; OOQ. 

(j) uOi; aOi (n)Oui; Oa§. (r)OJu; OJa. 

(k)uiO; aJO. (o) |uO; JQO. (b) iOu; §00. 

G) uH; QH. (P)iu|; Hi (t)Hu; i|Q. 

Four equivalent positions: 

(u) Ouv; OQ^; Ou^; Ottv. 

(v) i u v; J Q ^; i u ^; J ti v. 

(w)uOv; uO^; QO^; QOv. 

(x) ujv; ui^; tlj^; a J v. 

(y) uvO; u^O; avO; a^O. 

(z) uvj; u^J; tlv§; u^|. 
j^t^M equivalent positions: 

(a) xyz; xyz; Xy2; xyz; Xyi; Xyz; xyz; xyz. 

Space-Gboup VJ. 

TtiM) equivalent positions: 

(a) 000; Hi (c) 06j; HO. 

(b) |00; OH- (d) iO§; 0^0. 
Four equivalent positions: 

(e) \\h lil; Hf; f fi. 

(f) iH; iil; Hi; lii 

(g) uOO; QOO; i-u, J, f; u+i i, i 
(h) uOJ; QOi; J-u, i 0; u+J, i 0. 
(i) OuO; OQO; i, i-u, J; J, u+J, i 
a) Oui; OQi; J, §-u, 0; i u+i 0. 
(k)0 0u; OOQ; i f, i-u; i i u+i 
0) Oju; OJO; i 0, J-u; i 0, u+i 
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60 THE ORTHORHOMBIC SPACE-GROUPS vj-vj. 



Sface-Gbottp yf, (continued). 








Eight equivalent podtioDs: 








(m)xyz; 


xyg 


; X 


y8; X; 


P«; 




i-x, 


§-y, i 


-z; i 


-X, y+i 


z+}; : 


K+i i-y. «+i; 
x+J, y+i i-«. 


Spacb-Gbouf "N^. 












Two equivalent positions: 








(a) OOi; 


00}. 




(e) 0; 


00|. 




(b)Hl; 


Hi 




(f) JOO 


ioi. 




(c)OH; 


OH. 




(g)OH; 


0}0. 




(d)iOi; 


ioi 




(b)HI; 


HO. 




Four equivalent positiotia: 








(i) uOO; 


liOO; 


QOJ; 


uOi 






(i) u§i; 


Oil; 


0*0; 


u}0. 






(k) OuO; 


oao; 


Ofli; 


Oui 






a) JuJ; 


iQ§; 


iQO; 


iuO. 






(m) u; 


OOQ; 


0,0, 


J-u; 0, 


0, u+J. 




(n)i§u; 


§iQ; 


ii 


i-u; i 


i. u+J. 




(0) Oiu; 


OJQ; 


0, i 


J-u; 0, 


i u+i 




(P) *0u; 


iOQ; 


io, 


i-u; i, 


0, u+i 




(q)uvi; 


uV}; 


Qvi 


Q^i 






^iffU equivalent positions: 








(r) xyz; 


X 


y2; 


xyi 


?; 


xya; 


xy, i 


-z; X, 


y, z+§; X, y 


. z+i; 


X, y, i-a- 


SPACB-GBOtJP Vj. 












Two equivalent positions: 








(a) 00; 


HO. 




(c)OH; 


ioi 




(b)iOO; 


OiO. 




(d)Hi; 


OOi 




Four equivalent positions: 








(e) iiO; 


HO; 


HO; 


HO. 






(f) iH; 


iH; 


IH; 


Hi 






(g) uOO; 


aoo; 


i-u. 


J, 0; u+iiO. 




(h)uH; 


QH; 


i-u, 


0, §; n+i, 0, i 




(i) OuO; 


OtlO; 


i. J- 


•u, 0; i 


u+§, 0. 




0) iui; 


ioi; 


0, i- 


•u, §; 0, 


u+§, f 




(k) OOu; 


OOQ; 


HQ; 


Hu. 






a) Oiu; 


OH; 


iOQ; 


iOu. 






£tyA/ equivalent positions: 








(m)xyz; 




xyj 


9 


XyJ; 


xy»; 


i-x, 


i-y, «i 


i-3i 


, y+i »; 


x+J. 1 


f-y, *; x+i y+i «. 
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Space-Gboitp V{. 










Two equivalent positions: 






(a) 000; 


OOi 




(d)Hi; 


HO. 


(b)iOO; 


iOi 




(e) Oui; 


0Q|. 


(c) OH; 


oio. 




(f) iuj; 


iai 


Four equivalent positions: 






(g) uOO; 


aoo; 


aoi; 


uOi 




(h)uH; 


QH; 


fliO; 


uH- 




(i) Ouv; 


oat; 


0, u, 


J-v; 0, 


Q, v+i 


a) iuv; 


JQI^; 


1, u, 


f-v; i 


Q, v+J. 


(k)uvi; 


uvf; 


livi 


; Qvi 





fi^U equivalent positions: 

G) xyz; xyz; X, y, J-z; x, y, z+i 
xy2; xyz; x, y, z+i; x, y, i-z. 

Space-Group VJ. 

Four eqiiivalent positions: 

(a) HO; i|0; Hi; Uh- 
(b)Hi; Jii; HO; Ho. 

(c) uOO; QOi; i-u, J, 0; u+i, i i 
(d)Oui; OQl; i§-u, }; J, u+J, J. 

£t(7A< equivalent positions: 

(e) xyz; xyS; X, y, J-z; X, y, z+J; 

i-x» i-y, 2; i-x, y+i a; x+J, J-y, z+J; 

x+i y+i, i-J6. 

A slight simplification of the two uniqudy defined positions [(a) and (b)] 
can be effected if the origin of coordinates is changed to the point ( "2 ' "2' ) °^ 
this first set. 
Space-Gbouf VJ. 

Tvoo equivalent positions: 

(a) iOO; |0i. (c) Jii; HO. 

(b)iOO; iOi. (d)iii; HO. 

Fow equivalent positions: 

(e) uOO; QOi; i-u, 0, 0; u+i 0, \. 

(f) uii; OiO; i-u, i, i; u+i, i, 0. 
(g)Oui; Oai; iftf; \m\. 
(h)iuv; ilit; f, u, i-v; i 0, v+i. 

Eighi equivalent positions: 

(i) xyz; xyf; X, y, i-z; X, y, z+i; 

i-x, y, 2; i-x, y, z; x+i, y, z+i; x+i, y, i-z. 
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Space-Group VJ (continued). 

By shifting the origin of coordinates to the point f-^j of this first set, these 
positions become: 

Two equivalent positions: 

(a) 000; JOi. (c) OH; iiO. 

(b)iOO; OOi (d)iH; OiO. 

Four equivalent positions : 

(e) uOO; uOO; i-u, 0, i; u+i, 0, i 

(f) uH; QH; i-u, i, o. u+i i o. 

(g)iui; iui; ftlf; fui 
(h)Ouv; OQ^; i u, i-v; i tl, v+J. 

£t^Al equivalent positions: 

(i) xyz; xyz; J-x, y, J-z; J-x, y, z+i; 
Xyz; xyz; x+i, y, z+i; x+i y, J-z. 

Space-Group VJ. 

Four equivalent positions: 

(a) OiO; OiO; OH; OH- 

(b)Hi; iii; HO; Ho. 

(c) uOO; tiOi; QjO; uH- 
(d)Oui; Odi; 0, J-u, i; 0, u+i, i 

(e) Jui; Hi; i, i-u, f; i, u+i i. 

£igA/ equivalent positions: 

(f) xyz; xyz; X, y, J-z; X, y, z+i; 

X, i-y, z; 5c, y+J, z; x, J-y, z+i; x, y+i, J-z. 

The unigu^ cases can be simplified by transferring the origin to the point ( 2 )* 
Space-Group VJ. 

Two equivalent positions: 

(a) 000; HO. (c) OJO; §00. 

(b)ooi; Hi. (d)OH; ioi 

Faur equivalent positions: 

(e) OOu; OOQ; H^; ilu. 

(f) Oiu; Oia; JOG; fOu. 

(g) uvO; Q^O; u+J, i-v, 0; i-u, v+i 0. 
(h) uvi; Q^i; u+i i-v, i; \-\x, v+i. J. 

£i(jfA< equivalent positions: 

(i) xyz; x+i, i-y, z; i-x, y+i, 2; 5cyz; 
xyz; i-x, y+J, z; x+i i-y, z; xyf. 



Digitized by 



Google 



THE ORTHORHOMBIC SPACE-GROUPS V^^-V^h*- 63 

Space-Gboup V" . 

Four equivalent positions: 

(a) Hi; !H; Hf; Hi 
(b)Hi; Hi; Hi; iii 

(c) OOu; Jiti; i i, i-u; 0, 0, u+f. 
(d)Oiu; iOQ; i 0, i-u; 0, i u+i 

£t^M equivalent positions: 

(e) xyz; x+i, J-y, z; i-x, y+i, z; Xyz; 

i-x, J-y, i-z; X, y, z+J; x, y, z+i; i-x, J-y, z+J. 

By shifting the origin to ( ^' 2^ ^j the uniquely placed arrangements can 

be slightly simplified. 

Space-Gboup V". 

Four equivalent positions: 

(a) OiO; iiO; JfO; OfO. 
(b)Oii; iii; iH; OH. 
(c) OOu; iiu; Oitl; iOu. 
(d)iuv; iQv; i i-u, ir; i, u+i, t. 

Eighi equivalent positions: 

(e) xyz; x+i, i-y, z; J-x, y+i, z; xyz; 

S, i-y, z; i-x, y, z; x+i, y, z; x, y+i, z. 

The unique cases can be simplified by placing the origin at the point ( 2 )- 

Spacb-Gboup V" 

Two equivalent positions: 

(a)OOi; iii (c) Oii; iOi 

(b)OOJ; iii (d)Oif; iOi 

Four equivalent positions: 

(e) J?^; HO; i i, u+i; 0, 0, f-u. 

(f) b^u; iOQ; i 0, u+i; 0, i i-u. 

(g) uvi; ati; u+i i-v, J; i-u, v+i, f 

^igA^ equivalent positions: 

(h) xyz; x+i, J-y, i; i-x, y+i, 2; xy«; 

X, y, i-z; i-x, y+i, z+i; x+i, i-y, z+i; x, y, i-z. 

The unique cases can be simplified by changing the origin to ( 2 )■ 

SPACs-GBOtnp V" 

Tvoo equivalent podtions: 

(a) OOu; iia. (b)Oiu; iOQ. 
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Space-Group V" (coniinved). 
Four equivalent positions: 

(c) iiO; HO; HO; fiO. 

(d)iH; *H; iH; iif 

(e) Ouv; OQv; J, J-u, ^; i, u+i, ^. 

(f) uOv; QOv; i-u, J, t; u+J, J, ^. 

£tV/t/ equivalent positions: 

(g) xyz; x+i, i-y, z; i-x, y+i, z; Xyz; 
i-x, J-y, z; xyz; xyz; x+i, y+J, z. 

The umgii^ cases can be simplified by changing the origin to f ^' 2Y 

Space-Gboup V". 

Four equivalent positions: 

(a)ioi; Hi; iH; foi. 
(b)iof; Hi; Hi; iof. 

(c) OOu; JiQ; i 0, i-u; 0, J, u+J. 
Eight equivalent positions: 

(d) xyz; x+i, J-y, z; J-x, y+i, z; xyz; 

i-x, y, i-z; X, y+J, z+i; x, J-y, z+J; x+J, y, J-z. 

By changing the origin to the point f -^' 2') ^^'^ unique cases are simplified. 

Space-Gboup V" 

Four equivalent positions: 

(a) 000; ^iO; OH; ^0^ 

(b) Hi; OOi; iOO; OJO. 

£t(^M equivalent positions: 

(c) xyz; x+i, i-y, 2; X, y+i, i-z; i-x, y, z+i. 
xyz; i-x, y+i, z; x, J-y, z+i; x+i, y, i-z. 

Space-Group V^^*. 

Four equivalent positions: 

(a)iiO; HO; ifi; iJi. 
(b)iii; Jii; HO; iJO. 

(c) Ouv; i, i-u, ^; 0, u+i, i-v; i, tl, v+i. 

Eight equivalent positions: 

(d) xyz; x+i, i-y, z; x, y+i, i-z; i-x, y, z+i; 
i-x, i-y, z; xyz; x+i, y, z+J; x, y+i, i-z. 



The unique cases are simplified when the origin is changed 



«» (i-?)- 
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SPACO-GBOtTF V". 

Fowr eqiiivalent positions: 

(a) 000; OOJ; iiO; \\\. 

(b) |00; \0\; 0^0; OH. 

(c) Oui; Oa}; J, u+i, i; i, i-u, f 

Eighi equivalent positions: 

(d)iiO; iJO; \\h \\\; 

HO; iiO; Hi; Hf 

(e) uOO; QOO; i-u, i, §; u+i, J, i; 
aOi; uOi; u+i i 0; J-u, i 0. 

(f) Ouv; 0, u, i-v; i u+i, v; J, u+J, i-v; 
OQ^^; 0, Q, v+i; i, i-u, ^^; \, \-\x, v+§. 

(g)uvi; ut}; u+i v+i i; u+i i-v, i; 
a^}; flvi; i-u, i-v, }; J-u, v+i i. 

Sixteen equivalent positions: 

(h) xyz; xyf; X, y, J-s; X, y, z+f; 
xyg; Xyz; x, f, z+J; x, y, J-z; 
x+i y+i, 2; x+i, i-y, 2; i-x, y+i i-z; 

i-x, i-y, z+i; 
i-x, i-y, 2; i-x, y+J, z; x+i f-y, z+i; 

x+i y+i 1-8. 

Spacb-Gboup V". 

Four equivalent positions: 

(a) iOO; fOj; HO; JH- 
(b)}00; iOi; iiO; Hi 

^H^Al equivalent positions: 

(c) OJO; OfO; OiJ; OH; 
iio; HO; Hi; Hi 

(d) uOO; QOi; i-u, 0, 0; u+i 0, i; 
uH; fliO; i-u, i i; u+i i 0. 

(e) Oui; ia|; i i-u, f; 0, u+i i; 
OQ}; iui; i u+i i; 0, i-u, f 

(f) i u v; i u, i-v; f u+i v; i u+i i-v; 
iQV; I, Q, v+i; i i-u, !^; i i-u, v+i 

Sixteen equivalent positions: 

(g) xyz; xyz; X, y, i-z; X, y, z+i; 
i-x. y. 2; i-x, y, z; x+i y, z+i; x+i y, i-z; 
x+i y+i z; x+i i-y, 2;. i-x, y+i i-z; 

i-Xi i-y, z+i; 
X, i-y, 2; X, y+i z; x, i-y, z+i; X, y+i i-z. 
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Spacb-Gboxjp V". 

Two equivalent positioiu: 

(a) 000; HO. 

(b) iOO; OiO. 
Four equivalent positions: 

(e) HO; HO; iiO; 



(c) OH; 
(<i)Hi; 



iOi 
00). 



(f) iii; 

(g) uOO; 

(h)uH; 

(i) OuO; 
(J) iui; 
(k) u; 
a) Oiu; 



iH; 

QOO; 

OH; 
oao; 

Hi; 
OOQ; 
OiQ; 



}|0. 

Hi; iH- 

u+i, i, 0; 
u+J, 0, i; 
i, u+i, 0; 
0, u+i, i; 
H u; i § Q. 
1 u; i a. 



i-u, i, 0. 
i-u, 0, i. 

i i-u, 0. 
0, i-u, i. 



Eight equivalent positions: 



(m)iiu 

JiQ 

(n) Ouv 

oa^ 

(o) uOv 
uO^ 

(p) u V 
u^O 

(q) uvi 
u^i 



ilfl; 
}iu; 

Ou^; 
Odv; 
9; 
dOv; 
Q9 0; 
QvO; 
Qti; 
Qvi; 



HQ; 
il«; 



Hu; 



i, u+i, v; 
i, i-u, 9; 
u+i, i, v; 
u+i, i, V; 
u+i, v+i, 0; 
u+i, i-v, 0; 
u+i, v+i, i; 
u+i, i-v, i; 



i, u+i, t; 
i, i-u, V. 
i-u, i, 9; 
i-u, i, V. 
i-u, i-v, 0; 
i-u, v+i, 0. 
i-u, i-v, i; 
i-u, v+i, i. 



Sixteen equivalent positions 



(r) xyz; xy2; 
xys; Xyz; 
x+i, y+i, z; 
i-x, i-y, z; 

Spa !B-Gboup V?. 



Xyz; xyz; 
xyz; Tcyi 

x+i, i-y, 2; 
i-x, y+i, z; 



i-x, y+i, 2; i-x, i-y, z; 
x+i, i-y, z; x+i,y+i,8. 



Four equivalent positions: 
(a) 0; OOi; iiO; 



iii- 
Oii. 

iii 
iOf 

iH. 
iii. 



(b) iOO; iOi; OiO; 

(c) OOi; OOi; iii; 
(d)Oii; Oii; iOi; 

W iii; iii; iii; 

(f) iii; iii; iii; 

Eight equivalent positions: 

(g) uOO; uOi; u+i, i, 0; 
QOO; QOi; i-u, i, 0; 

(h) OuO; Oui; i, u+i, 0; 

OdO; OQi; i, i-u, 0; 



u+i, i, i; 
i-u, i, i. 
i, u+i, i; 
i, i-u, i. 
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67 



Space-Group V^ (continued). 






(i) OOu; 


Hu; 


0, 0, u+i; i, i u+i; 




OOQ; 


Ha; 


0, 0, i-u; i i i-u. 




0) Ofu; 


iOu; 


0, i u+J; i 0, u+i; 




OiQ; 


iOQ; 


0, i, i-u; i, 0, i-u. 




(k)Hu; 


HQ; 


i i. i-u; i, i u+i; 




Hu; 


HQ; 


i i i-u; i i u+i. 




a) uvi; 


u^l; 


u+i v+i, J; u+i, i-v, 


}; 


Q^i; 


flvf; 


i-u, i-v, i; i-u, v+i, 


i 


Sixteen equivalent positions: 




(m) xyz; 




xy2; JLyz; 


syz; 


X, f, i-z; 


X, y, z+i; X, y, z 


H; x,y,i-z; 


x+i y+J, z; 


x+i, i-y, 2; i-x, y+i, 2; 








i-x, i-y, z; 


i-xj 


Hy, i- 


-z; i-x, y+i, z+i; x+i, i 


-y, z+i; 

x+i, y+i, i-z. 


Space-Gbottp Vh^ 








Four equivalent positions: 




(a) 0; 


§0 0; 


iiO; OiO. 




(b)00i; 


iOi; 


iii; oii. 




(c) }0 0; 


fOO; 


HO; iiO. 




(d)iH; 


iH; 


iOi; iOi 




(e) OiO; 


0}0; 


iiO; iio. 




(f) iH; 


Hi; 


OH; Oii. 




(g)Hu; 


iifl; 


HQ; Hu. 




£igAt equivalent positions: 




(h) uOO; 


oio; 


i-u, i, 


; u+i, 0, 0; 




aoo; 


uiO; 


u+i, i, 


; i-u, 0,0. 




(i) uH; 


QOi; 


i-u, 0, i 


u+i, i, i; 




QH; 


uOi; 


u+i, 0, i 


i-u, i, i. 




G) OuO; 


nO; 


i, i-u, 0, 


0, u+i, 0; 




oao; 


iuO; 


i, u+i, 


0, i-u, 0. 




(k)iui; 


oaf; 


0, i-u, i 


; i, u+i, i; 




itli; 


Oui; 


0, u+i, i, 


i, i-u, i. 




a) OOu; 


ioa; 


OiO; iiu; 




ooa; 


iOu; 


Oiu; iiQ. 




(m) i u v; 


inf, 


}, u+i, v; J, u+i, ^; 




HV; 


fQv; 


i i-u, V; i, i-u, v. 




(n) u i v; 


u}1^; 


u+i, 1, v; u+i, 4, 9; 




Qit^; 


Oiv; 


i-u, i V; i-u, J, V. 




Sixteen equivalent positions: 




(o) xyz; 




xy2; Xy2; 


xyz; 


i-x, y, 2; 


i-x, y, z; x+i, y, z; 


x+i, y, 2; 


x+i y+i 2; 


x+i, i-y, 2; i-x, y+i, 2; 


i-x, i-y, z; 


X, i-y, 2; 


X, y+ii z; 


X, i-y, z; 


X, y+i, 2. 
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Spact-Gbotjp V?. 

Four equivalent podtionB: 

(a) 000; iOi; \\0; 0\\. 

(b) iOO; OOi; 0^0; i H- 
Eight equivalent positions: 



(c) iOi; 

Jii; 

(d)OH; 

Hi; 

(e) uOO; 
QOO; 

(f) OuO; 

oao; 

(g) OOu; 
OOQ; 

(h) Jiu; 

Hu; 



iO}; }0|; }0i; 

HI; IH; Hi 
OH; OH; OH; 
Hi; iii; Hi- 

u+i 0, i; u+i J, 0; 



i-u, 0, i; 
0, u+i, i; 
0, i-u, i; 
0, i, u+i; 
0, J, i-u; 



i-u, i, 0; 
h u+i 0; 
J, J-u, 0; 
i, 0, u+i; 
i, 0, i-u; 



uH; 

Qii 
iui; 

iQi 
iiu; 

iiQ. 



iiQ; 
iiQ; 



i, i i-u; 
i i, i-u; 



i, i, u+i; 
i i u+i. 



Sixteen equivalent positions: 



(i) xyz; 

i-x, y, i-z; 

x+i, y+i, z; 
X, i-y, i-z; 

Spacs-Gboxtp V?. 



xyf; 

i-x, y, z+i; 

x+i, i-y, z; 
X, y+i, z+i; 



3cy2; 

x+i, y, z+i; 
i-x, y+i, 2; 
X, i-y, z+i; 



Xyz; 

x+i, y, i-z; 
i-x, i-y, z; 
X, y+i, i-z. 



Four equivalent positions: 

(a) 000; iiO; iOi; Oii 

(b) iOO; OiO; OOi; iif 

Eight equivalent positions: 



(c) Oii 

iii 

(d)iOi 

iii 

(e) iiO 

iii 

(f) iii 

iii 

(g) uOO 
QOO 

(h) OuO 
OQO 

(i) OOu 
OOd 



OH; 
iii; 
iOi; 
iii; 
iiO; 
iii; 
iii; 
iii; 



Oii; 
iii; 
ioi; 
iii; 
iiO; 
iii; 
iii; 
iii; 



u+i, 0, i; 

i-u, 0, i; 
0, u+i, i; 
0, i-u, i; 
0, i, u+i; 
0, i, i-u; 



Oii; 
iii. 
iOi; 

iii. 
iiO; 

iii. 
Hi; 
iii. 

u+i, i, 0; 
i-u, i, 0; 
i, u+i, 0; 
i, i-u, 0; 
i, 0, u+i; 
i, 0, i-u; 



uii; 
tiii. 
iui; 
iQi. 
iiu; 

iiQ. 
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Space-Group V? {continued). 
Sixteen equivalent positions: 



(i) iiu; 


ilu; 


i, i. u+i; 


i i u+J; 


HO; 


liQ; 


i i i-u; 


i i i-u; 


Hu; 


iiu; 


i i u+i; 


i i, u+i; 


HQ; 


iia; 


i i, i-u; 


i i i-u. 


(k)iui; 


iuf; 


i u+i, i; 


i, u+J, i; 


fQf; 


foj; 


i i-u, i; 


i i-u, i; 


!ui; 


iui; 


f, u+i, i; 


i u+i i; 


ioi; 


iQl; 


i, i-u, i; 


i i-u, I 


a) uii; 


uJf; 


u+i, i i; 


u+i i, f ; 


flif; 


Qfi; 


i-u, i i; 


i-u, i i; 


uJi; 


uH; 


u+i, i i; 


u+J, i i; 


t»ii; 


QH; 


i-u, i i; 


i-u, i, i 


(m) u v; 


0, u+i, v+i; i 


u+i, v; J, u, v+i; 


OQ^; 


0,1- 


u, i-v; i 


i-u, It; i a, i-v; 


Ou^; 


0, u+i, i-v; i, 


u+i, t; i u, j-v; 


OQv; 


0,1- 


u, v+i; i 


i-u, v; i, Q, v+J. 


(n) uOv; 


u+i, 


0, v+i; u+i i v; u, i, v+i; 


uOV; 


u+i, 


0, i-v; u+J, i, ^; u, J, i-v; 


QOV; 


-i-u, 


0, i-v; i- 


-u, J, ^; 0, i, J-v; 


QOv; 


i-u, 


0, v+i; i- 


-u, h, v; Q, i v+i. 


(o) uvO; 


u+i 


v+i 0; u+i V, i; u, v+i, i; 


utO; 


u+i 


J-v, 0; u+i, t, i; u, i-v, i; 


flvO; 


i-u, 


v+i, 0; i- 


-u, V, t; Q, v+J, i; 


Q^O; 


J-u, 


i-v, 0; i- 


-u, % i; Q, J-v, J. 



Tkirty-tvoo equivalent positions: 

(p) xyz; xys; Xy2; ^z; 

xyf; Xyz; xyz; xy2; 

x+j, y+J, z; x+J, i-y, z; J-x, y+§, 2; J-x, J-y, z; 

J-x. J^y, 2; J-3t, y+J, z; x+J, J-y, «; x+J, y+§, §; 

3f+i y, z+J; x+J, f, J-z; J-^x, y, J-z; J-x, f, z+J; 

J-x, y, J-z; J-x, y, z+J; x+J, y, z+J; x+J, y, J-»; 

X, y+J, z+J; X, J-y, J-z; X, y+J, J-z; X, J-y, z+J; 

X, J-y, J-z; X, y+J, Z+J; x,J-y,z+J; x, y+J, J-z. 

SpAos-GBOtrp V^. 

Eight equivalent positions: 

(a) 000; JJO; JOJ; OJJ; 

Hi; iH; HI; iH- 

(b)jOO; OJO; OOJ; JJJ; 

Hi; iii; iil; Hi 



Digitized by 



Google 



70 THE ORTHORHOMBIC SPACE-GROUPS V?-V?. 

Spacb-Gboup VV (continued). 
Sixteen equivalent positions: 

(c) iii; Hi; Hi; iii; 

iH; HI; tH; Hi; 

Hi: ili; iff; iff; 

fif; fif; fif; iff 

(<l)fff; fff; fff; fff; 

fii; ifi; iif; iff; 

iif; iif; fii; ifi; 

fii; ifi; ifi; fii 

(e) uOO; u+i, 0, f; u+J, i, }; u+i J, {; 

QOO; i-u, 0, i; i-u, i, i; f-u, i, |; 

uii; u+i i, 0; u+J, i i; u+f, f, i; 

tiii; i-u, i, 0; i-u, f, 1; I-u, i i. 

(£) OuO; 0, u+i, i; i, u+i, i; }, u+f, |; 

OQO; 0, i-u, i; i, i-u, i; i, f-u, f; 

iui; i, u+i, 0; f, u+i, }; f, u+f, i; 

ioi; i, i-u, 0; i i-u, f; f, f-u, i. 

(g) OOu; 0, i, u+i; i, i, u+i; i, |, u+i; 

OOQ; 0, i, i-u; i, i, i-u; i, f, |-u; 

iiu; i, 0, u+i; f, i u+i; i i, u+f; 

i i Q; i, 0, i-u; }, i i-u; }, i, |-u. 
Thitijf-two equivalent positions: 

(h) xyz; xyS; Xyf; xya; 

i-x, i-y, i-a; i-Xi y+i, 2+i; x+i, i-y, a+i; 

x+i, y+i, i-js; 

x+i, y+i, »; x+i, i-y, 2; i-x, y+i, »; i-x, i-y, a; 
f-x, f-y, i-z; f-x, y+i, z+i; x+f, f-y, s+i; 

x+i y+i i-«; 
x+i,y, z+i; x+i,y, i-z; i-x,y, i-z; i-x, y, z+i; 
1-x, i-y, i-z; i-x, y+i, z+i; x+i i-y, z+i; 

x+i y+i, i-z; 
X, y+i, z+i; X, i-y, i-z; X, y+i, i-z; s, i-y, z+i; 
i-x, i-y, i-z; i-x, y+i a+i; x+i J-y, z+J; 

x+i y+i i-z. 
Spacx-Gbovp V^. 

Two equivalent positions: 

(a) 000; iii. (c) OOi; iiO. 

(b) iOO; Oii. (d) iOi; OiO. 
Four equivalent positions: 

(e) uOO; a 0; u+i, i, i; i-u, i, i. 

(f) uOi; aOi; u+i, J, 0; i-u, i, 0. 

(g) OuO; OQO; i, u+i, i; i, i-u, i. 
(h)Oui; OOi; i, u+i, 0; i, i-u, 0. 
(i) OOu; 00 0; i, i, u+i; i, i, i-u. 
U) Oiu; OiQ; i, 0, u+i; i, 0, i-u. 
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Epacb-Gboup V? {continued). 




Eight equivalent positions: 




(k)Hi; 


Hi; iU; iii; 




Hi: 


fii; ifi; Hi 




Q) Ouv; 


Oui^; J, u+i, v+§; 


i, u+i. i-v; 


OQt; 


OQv; i i-u, i-v; 


i, i-u, v+i. 


(m) uOv; 


uOV; u+J, i, v+i; 


u+i, i, i-v; 


QO^; 


QOv; i-u, i i-v; 


i-u, i, v+i. 


(n) uvO; 


u^^O; u+i v+i, i; 


u+i, i-v, i; 


a^O; 


QvO; i-u, i-v, i; 


i-u, v+i, i. 


Sixteen eqviivalent positions: 




(o) xyz; 


xyz; 3cy2; xyz; 




Xy§; 


Xyz; xyz; xy2; 




x+i. 


y+i z+i; x+i §-y, 


i-z; i-x, y+i, i-z; 

i-x, i-y, z+i; 


i-x, 


i-y, i-2; i-x, y+i 


z+i; x+i, i-y, z+i; 

x+i, y+i, i-z. 


Space-Gboup V?. 






Four equivalent positions: 




(a) 00 0; 


OOi; iH; HO. 




(b)iOO; 


§0i; OH; ojo. 




(c) OOi; 


OOi; H!; Hi. 




(d)OH; 


OH; ioi; ioi. 




Eight equivalent positions: 




(e) iiO; 


iiO; iiO; iiO; 




IH; 


iii; iii; iii 




(f) uOO; 


uOi; u+i, i 0; 


u+i, i, i; 


a 0; 


QOJ; i-u, i, 0; 


i-u, i, i. 


(g) OuO; 


Oui; i, u+i, 0; 


i, u+i, i; 


oao; 


Ot»i; i, i-u, 0; 


i, i-u, i. 


(h) OOu; 


iiu; i, i, u+i; 


0, 0, u+i; 


OOQ; 


iitl; i, i, i-u; 


0, 0, i-u. 


(i) Oiu; 


iOu; i, 0, u+i; 


0, i, u+i; 


OiQ; 


iOfl; i, 0, i-u; 


0, i, i-u. 


(i) uvi; 


u^i; u+i, i-v, i; 


u+i, v+i, i; 


tt^i; 


Qvi; i-u, v+i, i; 


i-u, i-v, I 



Sixteen equivalent positions: 

(k) xyz; xp; 3cy2; xyz; 

*,y, i-z; X, y, z+i; x, y, z+i; x, y, i-z; 

x+i, y+i, z+i; x+i, i-y, i-z; i-x, y+i, i-z; 

i-x, i-y, z+i; 
i-x, i-y, 2; i-x, y+i, z; x+i, i-y, z; x+i, y+i, 8. 
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Sface-Gbouf V?. 

Eight equivalent poeitions: 

(a) 0; oof; } 0; 1 0; 

i§i; HO; OH; iof 

(b)Hi; Hi; HI; Hi; 

Hi; iii; iii; iH- 

(c) uOi; uH; u+i, 0, J; u+f, J, i; 

a Of; QH; i-u, O, }; §-u, i, i. 

(d)iuO; fui; i, u+i, 0; i u+i i; 

fQO; iQi; i i-u, 0; i, J-u, f 

(e) Oiu; Hu; 0, i, u+f; i i u+J; 
OiQ; iiQ; 0, }, i-u; i i i-u. 

Sixteen equivalent positions: 

(f) xya, X, % J-z; J-x, y, 2; x, J-y, a; 
xyz; X, y, a+i; x+i, y, z; x, y+J, 2; 
x+i, y+§, a+i; x+J, i-y, i; X, y+i, J-z; 

i-x, y, a+J; 
l-x, i-y, §-a; i-x, y+f, a; x, J-y, a+i; 

x+i, y, i-«- 
Space-Gboup V?. 

Four equivalent positions: 

(a)00i; iOi; Ofi; JH- 

(b)iOi; OOi; Hi; OH. 

(c) iiO; iii; HO; ffi. 

(<i)iiO; iii; iiO; fii 

(e) Oiu; 0, i i-u; i }, u+|; HQ- 
Eight equivalent positions: 

(f) uOi; uii; u+i 0, i; u+i i, }; 
aOi; 11 H; *-u, 0, }; i-u, i i 

(g) iuO; ial; i, i-u, 0; i, u+i J; 
iuO; }aj; i, i-u, 0; f, u+i, i. 

(h)Ouv; 0, 0, i-v; |, Q, v+i; i, u+i, v+i; 

iuV; 0, i-u, v; i, i-u, V; 0, u+i, i-v. 
(i) u i v; u, i, i-v; u+i, i, t; u+i, f, v+i; 

tliv; Q, i, i-v; i-u, i, V; i-u, }, v+i. 
Sixteen equivalent positions: 

(j) xya; x, f, i-z; i-x, y, z; X, i-y, z; 

i-x, i-y, f; Xyz; x, i-y, a; x+i, y, Z; 

x+i,y+i, z+i; x+i, i-y, 2; X, y+i, i-z; i-x,y, z+i; 

x,y, i-2; i-x, y+i, z+i; x+i, y, z+i; x, y+i, i-a. 

The unique cases can be simplified by transferring the origin to the point 
this first set of axes. 



(?)«' 
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TETRAGONAL SYSTEM.* 
A. TETARTOHEDRY OF THE SECOND SORT. 
Space-Group SJ. 
One equivalent position : 

(a) 000. (b)OOi. (c)HO. (d) Hi- 

Ttffo equivalent positions: 

(e) OOu; OOQ, (g) OJu; JOtl. 

(f) Hu; HO. 
Four equivalent positions: 

(h) xyz; yxz; xfz; yxz. 
Space-Gboup SJ. 

Two equivalent positions: 

(a) 000; Hi. (c) OJi; iO|. 

(b)OOi; HO. (d) iOi; OH. 

Fotir equivalent positions: 

(e) OOu; OOa; 4, i, u+i; i i, 4-u. 

(f) Oiu; iOQ; 4, 0, u+i; 0, i, i-u. 

Eight equivalent positions: 

(g) xyz; yxf; xyz; yX2; 

x+J, y+i, z+h i-y, x+i, J-z; J-x, i-y, z+i; 

y+i i-x, i-z. 

B. HEMIHEDRY OF THE SECOND SORT. 
Space-Gboup VJ. 

One equivalent position: 

(a) 000. (b)Hi. (c) OOJ. (d) HO. 

TiDO equivalent positions: 

(e) JOO; OiO. (g) OOu; OOQ. 

(f) OH; iOi. (h)Hu; Ho. 
FotiT equivalent positions: 

(i) uOO; QOO; OuO; OaO. 

a) uH; OH; Jui; Hi 

(k) uOi; QOi; Oui; J. 

(1) uiO; QiO; JuO; JaO. 

(m)Oiu; OH; iOu; iOa. 

(n) u u v; u Q ^; Q u t^; Q Q v. 

1 Of the tetragonal spaoe-groupe those marked with an asterisk will be found to have co- 
ordinates differing from the definitions previously given. These differences, which arise from 
changes of origin, have been introduced to bring about agreement with the descriptions of 
Nlggti (op. dt.). 
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Space-Gboup Vd (continued). 
Eight equivalent positions: 

(o) xyz; xyg; Xyz; xy*; 

yxz; yx2; yXf; yxz. 
Space-Group VJ. 

Ttoo equivalent positions: 

(a) 000; 00 J. (d) OJO; JOi 

(b) iOO; OH. (e) OOi; OOf 

(c) Hi; HO. (0 Hi; iii 

Four equivalent positions: 

(g) uOO; a 0; OQi; Oui. 

Gi) uii; aii; idO; iuO. 

(i) uiO; QiO; iai; iui 

(i) uOi; QOi; OaO; OuO. 

(k)OOu; OOQ; 0, 0, u+i; 0, 0, i-u. 

G) iiu; iia; i, i, u+i; i, i, i-u. 

(m)Oiu; OiQ; i, 0, u+i; i, 0, i-u. 
Eight equivalent positions: 

(n) xyz; xy§; Syz; xyz; 

y, X, z+i; y, X, i-z; y, 8, i-z; y, X, z+i. 
Space-Gboup VJ. 

Two equivalent positions: 

(a) 000; iiO. (c) Oiu; iOQ. 

(b)00i; iii. 
Four equivalent podtioiis: 

(d)OOu; 000; Hu; iJO. 

(e) u, J-u, v; J-u, Q, t; 0, u+i, v; u+J, u, V. 

Eight equivalent pontions: 

(f) xyz; yH; xya;". yx8; 

i-x, y+i «; i-y, i-x, z; x+i, J-y, «; y+i x+§, z. 
Spacb-Gbotjp VJ. 

Two equivalent poedtions: 

(a) 000; ^\l (b) 00}; }}0. 

Four equivalent positions: 

(c) OOu; OOQ; }, i }-u; i i u+J. 

(d) 0}u; }0a; i 0, }-u; 0, i u+f 

Eight equivalent positions: 

(e) xyz; yK; Sfz; yxf; 
i-x, y+i i-«; }-y, i-x, z+l; x+i i-y, i-z; 

y+li x+i z+i. 
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Space-Gboup VJ. 

Two equivalent positions: 

(a) 000; HO. (c) OH; ioi. 

(b)iOO; oio. (d)Hi; oof 

Four equivalent positions: 

(e) OOu; OOQ; Htl; Hu. 

(f) OJu; OH; ioa; iOu. 
(g)iiu; Ha; fia; Hu. 

Eight equivalent positions: 

(h)uOO; OuO; i u+J, 0; u+J, i, 0; 

QOO; 0; f, i-u, 0; J-u, i, 0. 

(i) u H; i u *; O, u+i i; u+i O, i; 

QH; Hi; o, i-u, }; i-u, o, i 

uuv; Qu^; i-u, u+J, ^; u+i, u+i, v; 

uut; QQv; J— u, J— u, v; u+J, §— u, t. 
(k) u, u+i, v; Q, u+i V; u+i, Q, v; u+i, u, v; 

u, J-u, ^; Q, i-u, v; J-u, tl, v; i-u, u, f. 

Sixteen equivalent positions: 

(1) xyz; xyz; xy§; xyz; 

yxz; yxz; yXf; yxz; 

x+i, y+i, z; x+ii-y, §; i-x, y+J, 2; i-x, i-y, z; 

y+ix+iz; i-y, x+i, «; y+i i-x, f ; i-y, i-x, z. 

Space-Group VJ. 

Four equivalent positions: 

(a) 000; OOi; iiO; IH- 

(b) iOO; OH; OiO; iO§- 

(c) ooi; oai; § H; Hi 
(d)0H; OH; fo}; §oi. 

£t0rA( equivalent positions: 

(e) uOO; Oui; u+J, i 0; i, u+i, J; 
QOO; OQJ; i-u, i, 0; i, i-u, J. 

(f) uH; §uO; u+J, 0, i; 0, u+i 0; 
flii; iQO; i-u, 0, i; 0, §-u, 0. 

(g)0 0u; Hu; i, i u+J; 0, 0, u+J; 

00 0; ijo; i i, i-u; o, o, ^-u. 

(h) Oiu; JOu; h, 0, u+i; 0, i, u+J; 

o§o; JOQ; i 0, i-u; o, i, i-u. 

(i) iiu; i|Q; i i J-u; i, J, u+i; 
Hu; iitl; i i, i-u; i iu+i 
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Space-Group VJ {continued). 
Sixteen equivaleiit positioDB: 

(j) xyz; j^; Xy8; Sfx; 

?, ^, i-z; y, x» i-*; S, *, z+t; 
x+i t-y, 8; i-x,y+i,2; i-x, J-y, z; 



xyz; 

y, Xi z+i; 
x+i, y+i z; 



y+h. x+i z+i; j-y. x+i §-z; 



Space-Gbottp VJ* 

Four equivalent positions: 
(a) 000; iOO; jJO; 

(b)iH; OH; ooi; 

(c) HO; HO; HO; 

(d)Hi; Hi; Hi; 

Eight equivalent positions: 
(e) OOu; OOQ; iOu; 

iiu; 

(0 iiu; 

iiQ; 
(g)iuO; 

i-u, i 0; 
(h)iui; 



y+i. i-x, i-z; 
i-y, i-x, z+i. 



oio. 
ioi. 
HO. 
iii. 



iifl; Oiu; 

ifa; Hu; 

iiu; HQ; 
ufO; 

u+i, i, 0; 
ufi; 



i-u, I, i; u+i, i, i; 
Sixteen equivalent positions: 



iOfl; 

oia. 

HO; 
Iiu. 

itlO; 

i u+i, 0; 

iQi; 
I, u+i, i; 



QiO; 

i, i-u, 0. 

tiii; 
i, i-u, i. 



(i) 



yX2; 

i-y, *, z; 
y+i, i-x, 2; 

y, i-x, z; 



xyz; 

i-x, y, 5; 
x+i, y+i, z; 
*, y+i. z; 
Space-Group VJ* 

Four equivalent positions: 
(a) 000; iOi; iiO; 
(b)iii; OiO; OOi; 

(c) iii; iH; Hi; 
(d)iii; iH; iii; 

Eight equivalent positions: 

(e) OOu; OOfl; i, 0, i-u; 
iiu; iiQ; 

(f) iui; 
i-u, i i; 

(g)iui; 

i-u, i i; 
(h)iiu; 

i, i i-u; 



Xyz; 

x+i, y, 2; 
i-x, i-y, z; 
X, i-y, 2; 



yja; 

y+i, X, z; 
i-y. x+i, 2; 
y, x+i, z. 



oii. 
ioo. 

Hi 
iii 



0, i, i-u; 

uH; 

u+i, i, i; 

uii; 

u+i, i, i; 

iio; 

i, i u+i; 



i, 0, u+i; 
0, i, u+i. 

iai; 

i, u+i, i; 

ioi; 

i, u+i, i; 

Hu; 

i i, i-u; 



flii; 
i, i-u, i. 
Qii; 
i. i-u, i 
iio; 
i i, u+i. 
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Space-Group VJ (continued). 
Sixteen equivalent positions: 

(i) xyz; yxz; xyz; yxz; 

J-x, y, J-z; J-y, X, z+J; x+J, y, J-z; y+J, x, z+J; 
x+J, y+i z; y+J, J-x, z; J-x, J-y, z; J-y, x+J, z; 
X, y+i, i-z; y, J-x, z+J; x, J-y, J-z; y, x+i z+J. 
Spacb-Gbou? VJ. 

Four equivalent positions: 

(a) 000; HO; JOJ; OH- 

(b) iOO; OJO; OOJ; Hi 

(c) Hi; iH; Hi; iii 
(d)iii; iii; iii; iii 

Eight equivalent positions: 

(e) OOu; Hu; i, 0, u+i; 0, i, u+i; 
OOu; Hti; i, 0, J-u; 0, J, J-u. 

(f) iiu; iiQ; i, i, i-u; i, i, u+i; 
iiu; iia; i, i, i-u; f, i, u+J. 

Sixteen equivalent positions: 

(g)uOO; uH; u+J, J, 0; u+i, 0, i; 

GOO; aH; i-u, i O; J-u, 0, i; 

OuO; iui; |, u+|, 0; 0, u+J, |; 

OaO; Jui; i i-u, 0; 0, J-u, J. 
(h)iui; Gii; i, i-u, i; u+i i, i; 

uii; Qii; i-u, i, i; u+i i, i; 

uii; ifii; i-u, i, i; i, u+i i; 

iui; iui; i, i-u, i; i, u+i, i. 
(i) uuv; u+J, u+i, v; u+J, u, v+J; u, u+i v+J; 

uGv; u+i i-u, ^; u+i a, i-v; u, J-u, J-v; 

uu^; i-u, u+J, ^^; J-u, u, J-v; Q, u+J, J-v; 

auv; J-u, J-u, v; J-u, G, v+J; a, i-u, v+i 
Thirty-iwo equivalent positions: 

(j) xyz; xyz; xyz; xyz; 

yxz; yxz; yxz; yxz; 

x+J, y+J, z; x+i, J-y, z; J-x, y+i, z; J-x, J-y, z; 

y+i, x+J, z; J-y, x+i, z; y+J, J-x, z; J-y, J-x, z; 

x+i, y, z+J; x+i, y, J-z; i-x, y, J-z; i-x,y, z+J; 

y+J, X, z+J; i-y, x, J-z; y+i, x, J-z; J-y, x, z+i; 

X, y+i, 2+J; X, J-y, i-z; X, y+J, J-z; x, J-y, z+J; 

y, x+iz+i; y, x+i, J-z; y, J-x, J-z; y, J-x, z+J. 
Spaob-Gboup Vy. 

Eight equivalent positions: 

(a) 000; OOJ; iJO; Hi 

iOJ; iOO; OH; OJO. 
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Spacb-Gboup V" (amtinued). 






(b)OOi; 


OOi; 


Hi; Hi; 




hoh 


*0i; 


OH; OH. 




(c) liO; 


iiO; 


iiO; iiO; 




Hi; 


iii; 


iii; iii 




(d) Hi- 


iii; 


iii; iii; 




Hi; 


Hi; 


iii: iii. 




Sixteen equivalent positions: 




(e) uOO; 


Oui; 


0, u+i 0; 


u+i i 0; 




QOO; 


OQi; 


0, i-u, 0, 


i-u, i 0; 




uH; 


iuO; 


i u+i § 


u+i 0, i; 




OH; 


JQO; 


i i-u, J 


, i-u, 0, i 




(0 OOu; 


Oiu; 


0, i u+i 


; 0, 0, u+i; 




ooa; 


OiQ; 


0, i i-u 


; 0, 0, i-u; 




Hu; 


iOu; 


i, 0, u+i 


; i i u+i; 




iJQ; 


JOG; 


i 0, i-u 


; i i, i-u. 




(g)iiu; 


Hu; 


i, i, u+i 


; ii u+i; 




HQ; 


iiQ; 


i, i i-u 


; i ii-u; 




Hu; 


iiu; 


i. i, u+i 


; i i, u+i; 




iiti; 


iia; 


i, i, i-u 


; i i, i-u. 




(h)iui; 


Qii; 


i i-u, i 


; u+ii, i; 




iQi; 


uii; 


i u+i, i 


; i-u, ii; 




iQi; 


uiJ; 


i, u+i, i 


; i-u, i, i; 




iui; 


aJi; 


i, i-u, i 


. u+ii, i. 




Thiriy4,wo eqmvalent positions: 




(i) xyz; 




xp; xy2; 


xyz; 


y. X, . 


B+i; 


?, X, i-z; y, X, i-z; 


y, X, z+i; 


x+J, y+i z; 


x+i i-y, 2; i-x, y+i z; 


i-x, i-y, z; 


y+i 


x+i z 


+i; i-y, x+i i-z; y+i i 


^-x, i-z; 






i 


-y, i-x, z+i; 


x+i, 


y, z+J; 


x+i y, i-z; i-x, y, i-z; 


i-x, y, z+i; 


y+i 


X, z; 


i-y, X, z; y+i, X, z; 


i-y, X, z; 


X, y+i z+J; 


X, i-y, i-z; X, y+i i-z; 


X, i-y, z+i; 


y, x+i z; 


?, x+i z; y, i-x, z; 


y, i-x, z. 


Spacb-Gboup V^.* 








TiDO equivalent positions: 




(a) 0; 


Hi 


(b)00i; iiO. 




Four equivalent positions: 




(c) J 0; 


OH; 


OiO; iOi 




(d)Oii; 


OH; 


iOi; iOf 




(e) OOu; 


OOQ; 


i i u+i; i i i-u. 




Eight equivalent positions: 




(f) uOO; 


OuO; 


u+i i i; i u+i i; 




QOO; 


OQO; 


i-u, i, i 


; i. i-u, i 
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Spacb-Gboup V" (fiomUnued). 

(g)uOi; Oui; u+J, i, 0; i u+J, 0; 

aOi; Otti; J-u, i 0; *, J-u, 0. 

(h) OJu; JOu; 0, J, u+i; i, 0, u+J; 

OH; *Ofl; o, *, i-u; j, o, j-u. 

(i) uuv; uQV; u+i, u+J, v+i; u+J, J-u, J-v; 
QQv; 11 uV; |— u, i— u, v+i; J— u, u+J, J— v. 
tStxfem equivalent poeitioiis: 

(j) xy»; xyf; Xj^; xy«; 
yw; yx»; yH; yxz; 
x+i, y+i z+i; x+i J-y, J-z; i-x, y+J, i-z; 

J-x, J-y, z+i; 
y+l, x+J, »+J; i-y, x+i J-z; y+J, J-x, J-z; 

i-y, i-x, z+i. 
Spacb-Gboxjp V)?*. 

Four equivalent positions: 

(a) 000; iOi; Hi; OH- 

(b)00i; iOi; HO; OH- 
Eight equivalent positions 

(c) OOu; 00 a; f 0, i-u; \, 0, u+i; 

h, i u+i; h, h, i-«; o, i i-u; o, j, u+i 

(d)iui; uif; flii; QH; 

i U+I, t; u+J, i I; i J-u, I; i-u, i f 
Sixteen equivalent positions: 

(e) 3tyz; yH; xyz; yxz; 

J-x, y, J-z; i-y, x, z+i; x+J, y, i-z; y+i, x, z+i; 
x+i y+i z+i; y+i, i-x, i-z; i-x, i-y, z+i; 

i-y, x+i, i-z; 

*, y+i, 1-z; y, i-x, z+}; X, i-y, }-z; y, x+i, z+i 

C. TETABTOHEDRY. 
Spack-Gboup C«. 

One equivalent position: 

(a) OOu. (b) iiu. 

Two equivalent positions: 

(c) Oiu; iOu. 
Four equivalent pomtions: 

(d) xyz; yxz; xyz; yXz. 
Spacb-Gbottp CJ. 

Four equivalent positions: 

(a) xyz; y, x, z+i; X, y, z+i; y, %, z+i 
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SpaCE<jBOUP C4. 

Two equivalent positions: 

(a) OOu; 0, 0, u+J. (c) OJu; J, 0, u+J. 

(b) Hu; i iu+i 

Four equivalent positions: 

(d) xyz; y, x, z+J; xyz; y, X, z+i- 
Space-Gboup Ct 

Four equivalent positions: 

(a) xyz; y, x, z+f; X, y, z+J; y, x, z+i- 
Space-Gboup C\. 

Two equivalent positions: 

(a) OOu; i i, u+i. 
Four equivalent positions: 

(b)Oiu; JOu; i, 0, u+J; 0, J, u+J. 
jSi(^Ai equivalent positions: 

(c) xyz; yxz; xyz; yxz; 

x+i, y+i z+J; J-y, x+J, z+i; i-x, i-y, z+i; 

y+J, i-x, z+i 
Space-Group CJ*. 

Four equivalent positions: 

(a) OOu; 0, i u+i; i, 0, u+i; i J, u+i 
Eight equivalent positions: 

(b) xyz; y, J-x, z+i; xyz; i-y, x, z+i; 

x+i, y+i, z+i; y+i X, z+f ; i-x, J-y, z+J; 

y, x+i z+i. 

D. PARAMORPHIC HEMIHEDRY. 
Space-Group C^. 

One equivalent position: 

(a) 000. (b)OOJ. (e)HO. (d) i H- 

Two equivalent positions: 

(e) OiO; JOO. (g) OOu; ooa. 

(f) OH; *0i. (h)Hu; Ha. 

Four equivalent positions: 

(i) OJu; JOu; OJQ; iOQ. 
(j) uvO; l^uO; a^O; vQO. 
(k) uvi; l^ui; a^i; vQj. 
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Space-Gboup Ci {continued). 
Eight equivalent positions: 

(1) xyz; yxz; x^z; yxz; 
xyz; yxz; xyz; yxz. 

Space-Group C/h. 

Ttpo equivalent positions: 

(a) 000; OOf (d) OH; *00. 

(b)HO; Hi. (e) OOi; OOf. 

(c) oiO; joi (f) Hi; Hi 

Fovar equivalent positions: 

(g) OOu; a; 0, 0, u+J; 0, 0, J-u. 

(h)Hu; Hti; i i, u+J; i i, J-u. 

(i) Oiu; OiQ; i 0, u+i; i 0, J-u. 

(j) uvO; avO; tuj; vQi 
J?t(7U equivalent positions: 

(k) xyz; y, x, z+J; xyz; y, x, z+J; 
xyz; y, x, i-z; xyz; y, X, J-z. 

Space-Gboup Ci. 

Ttoo equivalent positions: 

(a)OJO; iOO. (b) OH; iOJ. (c) OOu; H G. 
Four equivalent positions: 

(d)HO; iiO; ifO; fJO. 

(e) Hi; iH; iH; Hi 

(f) OJu; JOu; JOQ; OjQ. 
£t(^U equivalent positions: 

(g) xyz; yxz; Xyz; yXz; 

i-x, J-y, z; y+i, J-x, z; x+i, y+i, z; i-y, x+i z. 

Space-Gi oup Ci. 

Tu;o equivalent positions: 

(a) OH; iof (b) OH; ioi 

Four equivalent positions: 

(c) HO; iH; HO; iH- 
(d)iH; HO; Hi; HO. 

(e) OOu; Htt; i i i-u; 0, 0, u+J. 

(f) OJu; JOQ; i 0, u+i; 0, J, i-u. 
£^U equivalent positions: 

(g) xyz; y, X, z+i; xyz; y, X, z+i; 
♦-X, J-y, 2; y+i i-x, J-z; x+J, y+J, f; 

i-y, x+i *-»• 
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Spacb-Gboxtp C«|. 

Two equivalent podtioiis: 

(a) 000; Hi (b) 00^; HO. 

Four equivalent positions: 

(c) OJO; iOO; §0*; OH- 
(d)Oii; iOi; OH; iOf 

(e) OOu; OOQ; i i u+i; i, I, J-u. 

^HtA^ equivalent positions: 

(f) Hi; Hi; Hi; iii; 
JH; iH; iii; iii 

(g)Oiu; JOu; i, 0, u+i; 0, J, u+J; 

OH; iOfl: i 0, i-u; 0, J, i-u. 

(h) uvO; ^uO; J-v, u+J, J; u+J, v+J, i; 

avO; vaO; v+i, |-u, J; J-u, J-v, J. 

Sixteen equivalent positions: 

(i) xyz; fxz; xya; yXss; 
Xp; yiz; xyS; yx2; 

x+i, y+J, «+i; J-y, x+i, »+i; i-x» i-y, »+i; 

y+i, i-x, «+|; 
i-x, i-y, i-z; y+i, J-x, i-*; x+i y+J, J-z; 

i-y, x+i i-«- 

SPACB-GBOtTP C«|.* 

Four equivalent positions: 

(a)Oii; Oil; Jif; Hi 
(b)OH; Oil; Hi; iii 

£t(7At equivalent positions: 

(c) 000; iii; JOi; iii; 

OiO; Hi; iii; fii 

(d)OOi; iii; JOO; iH; 

OJi; Hi; i§0; iii 

(e)Oiu; iiu+i; i i u+i; 0, i u+i; 

OiO; i i i-u; i i i-u; 0, i }-u. 

Sixteen equivalent podtions: 

(f) xyz; y+i i-x, z+i; i-x, y, z+i; i-y, x+i z+i; 
X, y+i 2; y+i i-x, i-z; J-x, i-y, i-z; 

i-y, x+i i-z ; 
x+i y+i z+i; y+i i-x, z+i; X, i-y, z; 

i-y, x+ i z+i; 
x+i y, i-e; y+i i-x, i-z; x y 2; i-y, x+i i-z. 
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E. HEMIMORPHIC HEMIHEDRY. 
Spacb-Group Ciy. 

One equivalent position: 

(a) OOu. (b) Hu. 

Tv)o equivalent positions: 

(c) OJu; |0u. 
Four equivalent positions: 

(d) uuv; Guv; dtiv; udv. 

(e) uOv; Ouv; aOv; OQv. 

(f) ujv; iuv; Qjv; J a v. 

Eight equivalent positions: 

(g) xyz; yxz; xyz; yxz; 
yxz; xyz; yxz; xyz. 

Spacb-Group C^r- 

Two equivalent positions: 

(a) u; H u. (b) i u; i u. 

Four equivalent positions: 

(c) u, J-u, v; u+i u, v; Q, u+J, v; J-u, Q, v. 
Eight equivalent positions: 

(d) xyz; yxz; xyz; yXz; 

y+i x+i z; x+i i-y, 2; J-y, J-x, z; J-x, y+J. z. 

Space-Group C'^ 

Tioo equivalent positions: 

(a) OOu; 0, 0, u+l (b) Hu; h h u+J. 

Four equivalent positions: 

(c) Oiu; iOu; J, 0, u+i; 0, i, u+J. 

(d) uuv; Gttv; u, u, v+i; u, a, v+J. 

£i0fA^ equivalent positions: 

(e) xyz; y, x, z+J; 3cyz; y, X, z+J; 
yxz; X, y, z+J; yxz; x, y, z+J. 

Space-Group C^.* 

Tioo equivalent positions: 

(a) OOu; i i u+i 
Four equivalent positions: 

(b) i u; 0, i u+J; i u; J, 0, u+i 

(c) uuv; u+i, J-u, v+i; GQv; J-u, u+J, v+f 
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Space-Gboup €4^ {continued). 
Eight equivalent positionB: 

(d) xyz; y+i, i-x, z+J; Xyz; J-y, x+J, z+J; 
i-x, y+J, z+i; yXz; x+i, J-y, z+J; yxz. 

Space-Group C4V. 

Two equivalent positions: 

(a) OOu; 0, 0, u+J. (b) Hu; i i u+J. 

Four equivalent positions: 

(c) Oiu; iOu; i, 0, u+J; 0, J, u+J. 
fi^A^ equivalent positions: 

(d) xyz; yxz; xyz; yxz; 

y, X, z+J; X, y, z+i; y, x, z+i; x, y, z+J. 

Space-Gboup C4V 

Two equivalent positions: 

(a) OOu; i i u+i 
Four equivalent positions: 

(b)OJu; JOu; i 0, u+i; 0, J, u+i 
£t^/i< equivalent positions: 

(c) xyz; yxz; xyz; yxz; 

y+i, x+J, z+i; x+J, i-y, z+J; J-y, J-x, z+J; 

i-x, y+i z+i 
Spacb-Gbotjp C4V 

Tw?o equivalent positions: 

(a) OOu; 0, 0, u+i (b) Hu; i, i, u+f 

(c) Oiu; i, 0, u+i 
F(mr equivalent positions: 

(d)uOv; uOv; 0, Q, v+J; 0, u, v+J. 

(e) ujv; Qjv; J, a, v+i; i> u, v+J. 
Eight equivalent positions: 

(f) xyz; y, x, z+J; Xyz; y, x, z+J; 
y, X, z+J; xyz; y, x, z+i; xyz. 

Space-Gboup Cl^. 

Four equivalent positions: 

(a) OOu; Hu; i J, u+i; 0, 0, u+J. 
(b)OJu; JOu; i 0, u+i; 0, J, u+J. 
J?t^A< equivalent positions: 

(c) xyz; y, x, z+J; xyz; y, X, z+J; 

y+i x+i, z+i; x+J, J-y, z; J-y, J-x, z+§; 

i-x, y+J, z. 
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Spacb-Gboup C4^. 

TvH) equivalent positions: 

(a) OOu; i, i u+J. 
Four equivalent positions: 

(b)Oiu; iOu; i, 0, u+J; 0, i u+i 
Eight equivalent positions: 

(c) uuv; uQv; u+J, J-u, v+J; u+J, u+J, v+J; 
Quv; Ouv; i— u, u+i, v+i; i— u, J— u, v+J. 

(d) uOv; Ouv; J, u+i, v+J; u+J, i, v+i; 
aOv; Otlv; i, J-u, v+J; J-u, J, v+J. 

Sixteen equivalent positions: 

(e) xyz; yxz; xyz; yxz; 
yxz; xyz; yxz; xyz; 

x+J, y+i z+i; J-y, x+J, z+}; i-x, J-y, z+J; 

y+i i-x, z+J; 
y+i x+i z+i; x+i, i-y, z+J; J-y, §-x, z+J; 

i-x, y+J, z+i 

Space-Gbotjp Ci;. 

Four equivalent positions: 

(a) OOu; Hu; i i u+J; 0, 0, u+J. 
(b)Oiu; JOu; i, 0, u+J; 0, i u+i 

Eif^W equivalent positions: 

(c) u, u+J, v; J-u, u, v; Q, u+J, v+J; u+i, u, v+J; 
ti, i-u, v; u+J, Q, v; u, i-u, v+i; i-u, Q, v+J. 

Sixteen equivalent positions: 

(d) xyz; yxz; xyz; yXz; 

y, X, z+J; X, y, z+i; ^y, X, z+J; 3c, y, z+J; 
x+i y+i, z+i; i-y, x+J, z+J; J-x, §-y, z+§; 

y+i, J-x, z+i; 
y+i x+J, z; x+i i-y, z; J-y, i-x, z; §-x, y+i z. 

Space-Group CH* 

Four equivalent positions: 

(a) OOu; 0, i u+i; i 0, u+i; J, i u+f 
Eight equivalent positions: 

(b) Ouv; u, i v+i; i u+i v+i; i-u, 0, v+f; 
OQv; a, i v+i; i i-u, v+i; u+J, 0, v+i 
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Sface-Gboup €«' (continued). 
Sixteen equivalent podtioDs: 

(c) xyz; y, J-x, «+J; xya; J-y, x, z+{; 
Xyz; y, i-x, z+i; xyz; y+J, x, z+f; 
x+i y+J, z+i; y+i, S, z+f; J-x, |— y, z+J; 

y, x+i z+i; 
i-x, y+i z+i; i-y, X, Z+I; x+J, J-y, z+|; 

y, x+i, z+j. 
Spacb-Gboxtp C".* 

fl^At equivalent positions: 

(a) OOu; 0, i, u+i; i, 0, u+f; 0, 0, u+i; 

H «; i 0, «+i; o, |, u+i; i, §, u+i. 

Sixteen equivalent positions: 

(b) xyz; y, J-x, z+J; xyz; |-y, x, z+J; 
X, y, z+i; y, i-x, z+}; X, S, z+i; y+i, x, z+J; 
x+i, y+i, z+i; y+i, X, z+i; i-x, i-y, z+i; 

y, x+i, z+i; 
i-x, y+i, «; i-y, x, z+i; x+i, i-y, z; y, x+i, z+i 

F. ENANTIOMORPHIC HEMIHEDRY. 

Spacb-Gboup D4. 

One equivalent position: 

(a) 000. (c) iiO. 

(b)00i. (d)iii. 

Two equivalent positions: 



(e) OiO; iOO. (g) OOu; 


OOQ. 


(f) Oii; iOi. (h)iiu; 


iia. 


Four equivalent positions: 




(i) Oiu; iOu; OiQ; iOQ. 




(j) uuO; fluO; QQO; utlO. 




(k)uui; Qui; HQi; uQi. 




a) uOO; OuO; QOO; OttO. 




(m)uii; iui; ttii; iQi 




(n)uOi; Oui; QOi; OQi. 




(0) uiO; iuO; fliO; iQO. 




Eight equivalent positions: 




(p) xyz; yxz; xyz; ySz; 




yx2; xyz; yX2; Xyz. 




Space-Gboup I^.* 




TtDO equivalent positions: 




(a) 000; iiO. (c) Oiu; 


iOQ. 


(b)00i; iii. 
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Space<jboup D4 (continued). 
Four equivalent podtionB: 

(d) OOu; OOQ; JH; Hu. 

(e) uuO; QQO; u+i, J— u, 0; J— u, u+J, 0. 

(f) uui; oai; u+i, J-u, i; i-u, u+i J. 
£t(7U equivalent positions: 

(g) xyz; y+l, J-x, z; x^z; J-y, x+J, z; 
i-x, y+J, 2; yX2; x+i, J-y, 2; yxz. 

Space-Group DJ.* 

Four equivalent positions: 

(a) OuO; uOl; OQj; QOi. 

(b) Jui; uH; itlO; aH- 

(c) uuf; uGi; Qaf; Quf. 

Eight equivalent positions: 

(d) xyz; y, X, z+f; X, y, z+i; y, x, z+i; 
Syz; y, X, J-z; X, y, §-z; y, x, f-z. 

Spacb-Gboup Dt* 

Four eguivcdent positions: 

(a) uuO; a a J; u+i J-u, 1; J-u, u+J, J. 
J?i(^A/ equivalent positions: 

(b) xyz; y+i, J-x, z+J; x, y, z+i; J-y, x+J, z+J; 
i-x, y+i i-z; y, x, |-z; x+i i-y, }-z; yxf. 

Spacx-Gboup DJ.* 



Two equivalent positions: 






(a) 0; 


OOJ. 




(d)OH; 


|00. 


(b)HO; 


iH. 




(e) OOi; 


OOi 


(c) OiO; 


ioj. 




(f) Hi; 


ihl 


Four equivalent positions: 






(g)00u; 


OOQ; 


0,0, 


u+i; 0, 


0, J-u. 


(h)Hu; 


HQ; 


i i 


u+J; i 


i, i-u. 


(i) Oiu; 


0*11; 


io, 


u+i; §, 


0, i-u. 


(i) uOO; 


QOO; 


on*; 


Ouf 




(k)uH; 


OH; 


HO; 


JuO. 




0) uOJ; 


QOJ; 


oao; 


OuO. 




(m)uJO; 


aiO; 


Hi; 


Hi. 




(n) u u J; 


ufl}; 


QQi; 


fluf 




(0) uu}; 


uQi; 


Qfl}; 


Qui 




Eight equivalent positions: 






(P) xya; 


y, X, z+i; xyz; y, x, 


»+J; 


*3^; 


y, X. i- 


-z; xy2; y, x, 


i-a. 
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Space-Gboup DJ.* 

Two equivalent pomtions: 

(a) 000; Hi (b) OOJ; HO. 

Four equivalent positions: 

(e) OOu; OOtt; i, i, J-u; i i, u+J. 

(d)OJu; J on; i, 0, J-u; 0, i, u+J. 

(e) uuO; GttO; u+J, i-u, J; J-u, u+§, § 

(f) uui; aa§; u+i, i-u, 0; i-u, u+i, 

Eight equivalent positions: 

(g) xyz; y+§, J-x, z+J; xyz; J-y, x+J, z+i; 
i-x, y+J, J-z; yxS; x+J, J-y, i-z; yxz. 

Space-Gboup DJ.* 

Four equivalent positions: 

(a) OuO; uOi; OaJ; a Of. 

(b) iui; uH; iQO; ttH- 

(c) uui; uuf; a (If; auf. 

£t(/A^ equivalent positions: 

(d) xyz; y, X, z+J; X, y, z+f ; y, x, z+f ; 
Xyz; y, X, f-z; x, y, J-z; y, x, J-z. 

Spacb-Gboup DJ.* 

Four equivalent positions: 

(a) uuO; QQJ; u+J, §-u, J; f-u, u+J, f. 
Eight equivalent positions: 

(b) xyz; y+J, J-x, z+i; X, y, z+i; J-y, x+i, z+i; 
yxz; i-x, y+J, f-z; y, X, J-z; x+J, i-y, i-z. 

Space-Gboup DJ. 

Two equivalent positions: 

(a) 000; Hi (b) OOf; fJO. 

Four equivalent positions: 

(c) OJO; iOO; JOJ; OfJ. 
(d)Oif; jOi; JOf; OH- 

(e) OOu; a; i i, u+J; i f, i-u. 

£t(^At equivalent positions: 

(f) Oju; Oiu; 0, J, u+i; 0, J, J-u; 
iOu; iOu; i 0, u+J; }, 0, J-u. 

(g) uuO; fluO; u+f, u+J, J; j-u, u+i, J; 
QaO; udO; J— u, J— u, i; u+i, i— u, J. 
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Sfacb-Gboxtp D' (continued). 

(h)uOO; OuO; u+J, f, J: J, u+i, i; 

QOO; OaO; J-u, h h h i-u, i 
(i) uO|; Oui; u+J, J, 0; J, u+J, 0; 

110 J; OQJ; J-u, I, 0; *, J-u, 0. 
(j) u, u+i, i; tl, i-u, i; u+J, u, }; J-u, Q, }; 

i-«, «, i; u+i 11, J; u, i-u, }; tl, u+J, }. 
Sixteen equivalent positions: 

(k) xyz; yxz; xy«; yXa; 

y:S; xy2; yxi; XyS; 

x+J y+i, z+i; J-y» x+i z+i; i-x, J-y, «+*; 

y+i i-x, z+J; 

y+J, t+i J-z; x+J, i-y, i-z; J-y, J-x, J-z; 

i-t, y+i, i-z. 
Spacb-Gboup D\".* 

Four equivalent positions: 

(a) 000; OH; fOl; iJi 
(b)00i; OH; iOi; HO. 
^HT^ equivalent positions: 

(c) OOu; 0, i u+i; J, 0, u+}; *, J, J-u; 
OOQ; 0, J, }-u; i, 0, }-u; J, J, u+J. 

(d) uuO; u, i-u, J; i-u, i-u, J; J-u, u, f; 
aaO; tl, u+J, J; u+i, u+i, i; u+i, Q, i 

(e) uQO; Q, i-u, J; u+i, i-u, i; u+i, u, }; 
QuO; u, u+i, i; i-u, u+i, i; i-u, Q, }. 

(Ouii; J, i-u, I; i-u, i, f ; Juf; 
QH; iu+i, I; u+i, i I; J Of. 
Sixteen equivalent positions: 

(g) ^z; y, i-x, z+i; xyz; i-y, x, z+i; 

i-x, y, f-z; i-y, i-x, i-z; x+i, y, j-z; yxf; 

x+i, y+i, z+i; y+i, *, z+i; i-x, i-y, z+i; 

f, x+i, z+i; 

*. y+i, i-z; ya; x, i-y, \-z; 

y+i, x+i, i-z. 

G. HOLOHEDRY. 
Spacb-Gboup D^. 

One equivalent position: 

(a) 000. (c) iiO. 

(b)00i. (d)iii. 

Two equivalent positions: 

(e) Oii; iOi. (g) OOu; OOQ. 

(f) OiO; iOO. (h)iiu; iiQ. 
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Spacb-Gboup DA (continued). 




Four equivalent poeitions: 




(i) Oiu; iOu; JOG; OJa. 




(j) uuO; GuO; uaO; tiaO. 




(k) uui; Gui; uttj; tltli. 




(1) uOO; OuO; OtlO; HOO. 




(m)uOi; Oui; Oai; GOf 




(n) uJO; iuO; JGO; QJO. 




(o) uH; iuj; Hi; gH- 




J?i(^W equivalent positions: 




(p)uvO; ^uO; vQO; \19 0; 




vuO; u^O; GvO; ^GO. 




(q)uvi; Irui; vGj; GlrJ; 




vui: u^i; Gvi; ^G*. 

(r) uGv;\uuv; GGv; Guv; 

Gu^; GG^; uu^; uG^. 








(s) Ouv; GOv; uOv; OGv; 




uO^; OG^; Ou^; GO^. 




(t) iuv; Giv; ujv; jGv; 




ui^; ia^; ^n^; gJ^. 




Sixteen equivalent positions: 




(u) xyz; yxz; x^z; yXz; 




yxf; xy«; yxz; xyz; 




syz; y5B; xyf; yxf; 




yxz; «yz; yxz; ^si. 




Space-Gboup D4. 




Tkw equivalent positions: 




(a) 000; OOi (c) HO; 


Hi. 


(b)OOj; ooi (d)Hi; 


Hi 


Four equivalent positions: 




(e) 0*0; too; OH; |0f 




(f) OH; iOi; jOf; OJi 




(g) OOu; 0011; 0, 0, J-u; 0, 


0, u+i. 


(h) Hu; Hti; i i *-«; i, 


i u+i 


Eight equivalent positions: 




(i) Oju; iOu; 0, i, u+i; i 


0, u+i; 


OH; iOQ; 0, i, i-u; J, 


0. i-u. 


(i) uuO; uflO; uu^; uQ^; 




anO; auO; finl; duf 




(k) uOO; OuO; uOf; Ou^; 




aOO; OQO; flOi; OQi 




a) uH; *ui; «J0; iuO; 




QH; n*; a|0; ioo. 




(m)uvj; vdj; vuj; utj; 




Ofi; VuJ; VQf; ttvf 
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Space-Gboup DiL (continued). 
Sixteen equivalent positions: 

(n) xyz; fxz; Xyz; yXz; 
yxf; xy2; fM; Xyz; 

X, yi i-»; y, S, i-z; X, y, J-z; y, x, J-z; 
y, X, z+i; X, y, z+J; y, x, z+i; x, y, z+J. 

Space-Group D^. 

TvH) equivalent positions: 

(a) 000; HO. (c) OJO; §00. 

(b)OOi; Hi (d)OH; ioi 

Four equivalent positions: 

(e) HO; HO; ifO; HO. 

(f) Hi; IH; Hi; Hi 

(g) u; a; H u; H tl. 
(h) Oiu; JOu; I OH; o\vl. 

Eight equivalent positions: 

(i) uuO; uaO; u+J, u+§, 0; u+i, J— u, 0; 

a HO; auO; J— u, J— u, 0; J— u, u+J, 0. 

uui; uaj; u+J, u+J, i; u+J, i-u, J; 

nni; aui; i-u, i-u, J; i-u, u+j, i 

(k)uOO; OuO; u+i, i 0; i, u+J, 0; 

GOO; OaO; J-u, i, 0; j, J-u, 0. 

G) uH; iui; u+i, 0, i; 0, u+i J; 

aH; JtiJ; i-u, o, j; o, j-u, J. 

(m) u, i-u, v; u+ i u, v; J-u, a, v; a, u+J, v; 
i-u, u, ^; (1, J-u, ^; u, u+i, ^; u+J, (1, 1^. 
Sixteen equivalent positions: 

(n) xyz; yxz; xyz; yxz; 
yxf; xysi; yxg; Xy2; 

i-x, J-y, 2; y+J, J-x, z; x+i y+J, z; i-y, x+J, z; 
§-y, J-x, z; J-x, y+J, z; y+J, x+J, z; x+i, J-y, z. 
Spacb-Gboup D^. 

7*100 equivalent positions: 

(a) 000; Hi 0>) 00}; HO. 

Fowr equivalent positions: 

(c) JOO; OiO; OH; JOJ. 

(d)joj; OH; OH; iof. 

(e) OOu; a; i i J-u; i i u+i 
£i(^U equivalent positions: 

(f) Hi; IH; Hi; Hi; 
iif; Hi; iH; iH. 
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Spacb-Gboup Di (continued). 

(g)JOu; Oiu; 0, J, u+J; i, 0, u+J,• 
iOQ; OJQ; 0, i, i-u; i, 0, J-u. 

(h) uuO; uQO; u+i, i-u, i; u+J, u+i i; 

QQO; auO; i— u, u+J, i; J— u, J— u, J. 

(i) uOO; OuO; i, u+i i; u+i i, i; 

QOO; OflO; i, J-u, i; i-u, J, J. 

0) uOi; OuJ; J, u+i 0; u+i i 0; 

QOJ; OQj; i, J-u, 0; J-u, J, 0. 

Sixteen equivalent positions: 

(k) xyz; yxz; xyz; yxz; 
yxz; xyz; yxz; xyz; 
i-x, J-y, J-z; y+J, J-x, J-z; x+J, y+i, i-z; 

i~y, x+i i-z; 
i~y, i-x, z+i; J-x, y+i, z+i; y+i, x+J, z+J; 

x+i, i-y, z+J. 
Space-Group D^. 

Two equivalent positions: 

(a) 000; HO. (c) OH; iof 

(b) Hi; 00*. (d) JOO; OiO. 

Four equivalent positions: 

(e) OOu; OOtl; Htl; iiu. 

(f) OJu; Oftl; iOQ; ^Ou. 

(g) u, u+J, 0; i-u; u, 0; u+i, tl, 0; Q, J-u, 0. 
(h) u, u+i i; i-u, u, J; u+J, Q, J; tl, J-u, J. 

£tgA< equivalent positions: 

(i) uvO; vQO; v+i, u+i, 0; u+i, i-v, 0; 

H^O; ^vlO; J-v, J-u, 0; i-u, v+i, 0. 
(j) uvj; vtlj; v+i, u+i J; u+J, J-v, J; 

QI^J; ^uj; i-v, i-u, J; i-u, v+i i 
(k) u, i-u, v; u+i, u, v; J-u, a, v; tl, u+J, v; 

il, u+i i^; i-u, a, ^; u+i, u, ^; u, i-u, 1^. 

Sixteen equivalent positions: 

0) xyz; yxz; xyz; yxz; 

y+i x+i, z; x+J, i-y,2; J-y, i-x, z; J-x, y+i, z; 

xyz; yxz; xyz; yxz; 

i-y, i-x, z; J-x, y+J, z; y+i, x+i, z; x+i, i-y, z. 

Space-Geoup D^.* 

Two equivalent positions: 

^".^ 000; Hi (b) OOi: HO 
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Spacb-Group Dtt (continued). 
Four equivalent positions: 

(c) OJO; JOO; JOJ; OH- 

(d)OH; ioi; OH; iof 

(e) OOu; a; i i u+i; i, i, i-u. 
Eig/i/ equivalent positions: 

(f) Oiu; JOu; i, 0, u+i; 0, i, u+i; 
Oifl; iOQ; i, 0, i-u; 0, i, i-u. 

(g) u, u+i, i; u+i, a, i; a, i-u, i; i-u, u, i; 
u, u+i }; u+J, a, }; Q, i-u, i; i-u, u, }. 

(h) uvO; vQO; v+i, u+i, i; u+J, i-v, J; 
u^O; ^uO; i-v, J-u, J; i-u, v+J, J. 

Sixteen equivalent positions: 

(i) xyz; yxz; xyz; yxz; 
xyz; yxz; xyz; yxz; 
J-x, y+i, z+i; i-y, J-x, z+i; x+i, i-y, z+i; 

y+i, x+J, z+i; 

i-x, y+i, J-z; J-y, J-x, J-z; x+J, J-y, J-z; 

y+i, x+i, J-z. 
Space-Gbouf Dto* 

Tu^ equivalent positions: 
(a) 000; HO. 
(b)OOi; Hi 

Four equivalent positions: 

((i)HO; HO; HO; HO. 

(e) Hi; Hi; Hi; Hi 

(f) OOu; a; iitt; iiu. 

Eight equivalent positions: 

(g) uuO; uaO; u+i, i-u, 0; u+J, u+J, 0; 
OaO; tluO; i-u, u+i, 0; i-u, J-u, 0. 

(h) uui; uai; u+i, i-u, i; u+i, u+i, i; 

QQi; aui; i-u, u+i, i; i-u, J-u, i. 
(i) uOv; Ouv; u+i, i, v; i, u+J, v; 

aOv; OQ^; i— u, J, v; i, J— u, v. 

G) u, u+i, v; u, i-u, v; u, i-u, v; a, u+J, v; 

u+i, u, ^; u+i, tl, 1^; i-u, % 9; J-u, u, ^. 

Sixteen equivalent positions: 

(k) xyz; y+J, J-x, z; Xyz; J-y, x+i, z; 

x+J, y+i, z; yxz; J-x, i-y, 2; yxz; 

xyz; i-y, i-x, z; xyz; y+i x+J, z; 

i-x, y+i, z; yxz; x+J, i-y, z;- yx2. 



(c) Oiu; iOQ. 
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Spacb-Gboijf Dtt-* 

Four equivalent positions: 

(a) 000; iiO; Hi; OOi 
(b)00i; Hi; 00}; iif 
(c) Oiu; iOQ; J, 0, i-u; 0, i, u+i 
£?tsr^ equivalent positions: 

(d)H}; Hi; Hi; Hi; 



iH; 


iii; 


Hi; Hi 


(e) OOu; 


Hu; 


i i u+i; 0, 0, u+J; 


OOQ; 


HQ; 


i i i-u; 0, 0, J-u. 


(f) uuO; 


uQi; 


u+i §-u, 0; u+i u+J, J; 


QOO; 


Qui; 


i-u, u+i 0; i-u, i-u, i. 



Sixteen equivalent positions: 

(g) xyz; y+i, J-x, z; Syz; J-y, x+i, z; 

x+i,y+i, i-z; y, X, J-z; J-x, J-y, J-z; y, x, ^-z; 

X, y, z+i; i-y, i-x, z+i; x,y, z+J; y+i, x+i, z+J; 

i-x, y+i, 2; yxz; x+i, i-y, §; yxz. 

Space-Gboup Dtt* 

According to the previous definitions (page 33), this space group is D^ 
and the following one is T>^. The two are here interchanged to conform with 
Niggli's descriptions. 



Two equivalent positions: 






(a) 0; 


OOJ. 




(d)OH; 


ioo. 


(b)HO; 


Hi- 




(e) OOi; 


OOi 


(c) OiO; 


iOi 




(f) Hi; 


Hi. 


Four equivalent positions: 






(g) OOu; 


OOtt; 


0,0, 


u+i; 0, 


0, i-u. 


(h)Hu; 


Ha; 


i i 


u+J; i 


i, i-u. 


(i) Oiu; 


OiQ; 


i,o, 


i-u; i. 


0, u+J. 


0) uOO; 


QOO; 


OQi; 


OuJ. 




(k)uH; 


OH; 


JQO; 


iuO. 




a) uOi; 


OQO; 


QOi; 


OuO. 




(m)uJO; 


ioi; 


Q^O; 


iui 




Eight equivalent positions: 






(n) uui; 


uQi; 


QQi 


; Q«i; 




uui; 


uQi; 


QQi 


; iiui. 




(o) Ouv; 


u, 0, 


v+i; 


OQv; Q^ 


0, v+§; 


Oul^; 


u, 0, 


J-v; 


OQ^; Q, 


0, i-v. 


(p) iuv; 


n,i, 


v+i; 


§Qv; Q, 


i, v+i; 


iul^; 


«, i, 


i-y; 


§Q^; Q, 


ii-v 


(q) uvO; 


vQi; 


QtO 


; tui; 




flvO; 


^ai; 


U^O 


; vuj. 
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y, 

y, 



X, J-z 

X, Z+J 

X, i-z. 



Space-Gboup Dtt {amtinued). 
Sixteen equivalent positions: 
(r) xyz; y, X, z+i; xyz; 

^; y, X. i-a; xy2; 

Xyz; y, X, z+i; xyz; 

xy2; y, X, §-«; xys; 

Spacb-Gboup D^.* 
Acoordrog to the previous definitions this group is D^- 
Two equivalent positions: 

(a) 000; OOi (o) §H; HO. 

(b)ooi; oof (d)Hi; Hi. 

Four equivalent positions: 

(e) 0)0; ^0}; fOO; OH. 

OH; loi 



(f) OH; 

(g) OOu; 
(h)Hu; 
(i) uui; 

(i) uui; 



iOi; 
OOQ; 

Hfl; 
uQi; 
uQj; 



0, 0, u+i; 
i, i, u+i; 
QQi; Qui. 
atli; Qui 



0, 0, i-u. 

i, i, J-u. 



^H^Al equivalent positions: 



(k) Oiu 

OH 
0) uOO 

aoo 

(m) u H 
flH 

(n) uvi 
flvi 

(o) uuv 



iOu; 
iOQ; 
pui; 
Ofl§; 
iuO; 

iao; 

vfli; 
I^Oi; 
QQv; 
utl^; 



J, 0, u+J; 0, i u+i; 
}, 0, i-u; 0, i i-u. 
uOi; OuO; 
QO}; OaO. 
uiO; JuJ; 
ai'O; ioj. 
a^i; i^ui; , 

u^i; vui. 



u, Q, v+i; 
Q, Q, i-v; 



u, u, J-v. 



Sixteen equivalent positions: 



y, *. *+i; 

yXz; X, y, 
yxz; X, y, 
y, X, §-2; 



^«; 

i-z; 

s5+i; 
xyz; 



y, X, z+§; 



yx2; 
yxz; 
y, X, J-z. 



(p) xyz; 
X, y, i-z; 
. X, y, z+i; 
xy2; 

Spacb-Gboup DiJ.* 

The space-groups D^ and DJS are interchanged to conform with the descrip- 
tions of Niggli. 

Four equivalent positions: 

(a) 000; 00}; HO; iH- 

(b)0§0; §0i; iOO; Oii 

(c) OOi; OOi; Hi; Hi- 

(d)OH; iOi; iOJ; Oif 
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Spaces-Gboup D^^ (eonHnued). 




Eight equivalent positions: 


(e) HO; JH; HO; HI; 


iH; HO; Hi; HO. 


(f) OOu; Hu; i, J, u+i 


0, 0, u+J; 


OOQ; Ha; h i, i-u 


0, 0, J-u. 


(g) Oiu; iOu; i 0, u+J 


0, i u+i; 


•OH; iOQ; i, 0, J-u 


0, 1, i-u. 


(h)uOO; Oui; J, u+J, i 


u+i, }, 0; 


QOO; OQi; i, §-u, i 


i-u, i, 0. 


(i) uH; iuO; 0, u+i, 0; 


u+i 0, J; 


flU; iiio; 0, J-u, 0, 


§-u, 0, i 


(j) uui; ufli; u+J, u+J, i; u+i, J-u, i; 


OOi; Qui; J-u, J-u, f; §-u, u+i i. 


Sixteen equivalent positions: 


(k) xyz; y, x, z+i; Xya; y, x. z+J; 


x+l, y+J, i; y+i i-x, J-z; §-x, J-y, 8; 


i-y. x+l, i-z; 


i-x, y+i, z; J-y, J-x, z+J; x+i §-y, «; 


y+J, x+J, z+i; 


xy2; y, Xi i-z; xyz; y, x, i-z. 


Space-Gboot D2.* 


This group is D«^ of the previous definitions. 


TiDO equivalent positions: 


(a) 000; Hf (b)OOJ: HO. 


Four equivalent positions: 


(c) OiO; OH; iOJ; iOO. 


(d)0H; OH; iof; |0i. 


(e)Hi; IH; Hi; iH- 


(f) Hi; iii; iii; iii- 


(g) OOu; OOQ; J, i u+i; §, J, |-u. 


f^iffAt equivalent positions: 


(h)Oiu; JOu; §, 0, u+i; 0, i, u+J; 


OJO; iOQ; i, 0, J-u; 0, §. J-u. 


(i) uOO; OuO; §, u+i §; u+i, |, i; 


QOO; OQO; J. i-u, §; i-u, i, §. 


(i) uOi; Oui; i u+i 0; u+i i, 0; 


01; OQi; ii-u, 0; i-u. §, 0. 


(k) u, u+i, i; u, J-u, i; Q, i-u, i; Q, u+i, f; 


u+i, u, i; u+§, Q, i; f-u, Q, i; i-u, u, i. 


0) u, u+i i; u, i-u, i; Q, i-u, i; Q, u+i, i; 


u+i, u, i; u+§, Q, i; i-u, Q, i; i-u, u, J. 


(in)uuv; u+i, §-u, v+i; QQv; J-u, u+i v+i; 


uQV; n+i, u+i §-v; 


QuV; i-u, J-u, i-v. 
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Space-Gboup D2 (continued). 
Sixteen equivalent positions: 

(n) xyz; y+J, i-x, z+i; xyz; J-y, x+J, z+J; 
x+i, y+i, i-z; yx2; J-x, i-y, J-z; yxz; 
i-x, y+J, z+i; yxz; x+i, J-y, z+J; yxz; 
xyz; i-y, i-x, i-z; xyz; y+i x+i, J-z. 
Space-Group D12.* 
Spaoe-groups T>^ and D^ also are interchanged. 
Four equivalent positions: 

(a) 000; OOi; HO; Hi 

(b)ooi; 00}; Hi; Hi. 

(c) OJO; iOJ; JOO; OH- 

(d)OH; ioi; OH; io}. 

£7t(/A2 equivalent positioDs: 

(e) OOu; Jiu; i, |, u+§; 0, 0, u+i; 
0; i§Q; i i |-u; 0, 0, i-u. 

(f) OJu; iOu; |, 0, u+i; 0, i u+i; 
OiO; iOQ; i, 0, J-u; 0, i, i-u. 

(g) u, u+i, i; u+i, Q, \; Q, j-u, i; J-u, u, J; 
u, u+i, 1; u+J, 0, i; Q, i-u, }; i-u, u, i. 

(h)uvO; QVO; J-u, v+i 0; u+i J-v, 0; 
vQi; tui; i-v, J-u, i; v+}, u+J, f 
Sixteen equivalent positions: 

(i) xyz; y, X, z+|; xyz; % x, z+J; 
xyz; y, X, J-z; Xy2; y, x, \-z; 
i-x, y+J, z; i-y, i-x, z+i; x+i i-y, z; 

y+i x+i, z+§; 
i-x, y+i 2; §-y, J-x, i-z; x+i \-y, 2; 

y+i x+i i-z. 



Spacb-Gboup D^.* 














Tvoo equivalent positions: 










(a) 0; 


hhh. 




(b)OOi; 


HO. 






Fow equivalent positions: 










(c) 0}0; 


Oi§; 


iOi 


§00. 








(d)0H; 


Oil; 


iOi; 


iOi 








(e) OOu; 


OOfl; 


ii 


«+i; 


i i i- 


•u. 




(f) uuO; 


QQO; 


i-u, 


u+i i; 


u+i i- 


-u, i 




(g) uui; 


HOi; 


§-u, 


u+i 0; 


u+i i- 


-u, 0. 




Eight equivalent positions: 










(h)OJu; 


Hu; 


io, 


u+}; 


0, i 


u+i; 




Oia; 


iOO; 


io, 


i-u; 


0. i 


l-u. 




(i) uvO; 


vuO; 


v+i 


i-u, i; 


u+i 


l-v, 


i; 


fltO; 


^QO; 


§-v, 


u+i i- 


i-u. 


v+i 


i 


(j) uuv; 


uu^; 


u+i 


§-u, i- 


v; u+i 


i-u, 


v+J; 


QQt; 


QQv; 


i-u, 


«+i v+J; i-u, 


, u+i 


i-v. 
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Space-Group D^i {continued). 
Sixteen equivalent positions: 

(k) xyz; y+i, i-x, z+i; Xyz; J-y, x+i, z+i; 

xyz; y+i, J-x, J-z; xyg; J-y, x+J, J-z; 

4~x, y+i, z+J; yxz; x+J, J-y, z+i; yxz; 

i-x, y+J, i-z; yxz; x+J, i-y, J-z; yxz. 

Space-Gboup D2.* 
Space-^oups D^ and T>]^ are here interchanged. 
Two equivalent positions: 

(a) 000; iH. (b) OOi; HO. 

Four equivalent positions: 

(c) OOu; OOQ; J, J, J-u; J, J, u+J. 
(d)OJu; JO a; i, 0, J-u; 0, i, u+J. 
£igA< equivalent positions: 

(e) iH; Hi; Hi; iii; 
iii; iii; iii; iii 

(f) uuO; uuO; u+i, J-u, i; J-u, u+J, J; 
utiO; tiaO; u+i, u+i, i; i-u, J-u, i. 

(g) Ouv; OQv; u+i, i, v+i; i-u, i, v+J; 
uOv; QO^; i, u+i, i-v; i, i-u, J-v. 

Sixteen equivalent positions: 

(h) xyz; y+i, i-x, z+i; Xyz; J-y, x+J, z+J; 

x+i, y+i i-z; yxz; J-x, J-y, J-z; yxz; 

xyz; i-y, i-x, z+J; xyz; y+J, x+i, z+J; 

i-x, y+i ^-z; yxz; x+J, J-y, J-z; yx2. 

Space-Group DX* 

Four equivalent positions: 

(a) 000; Hi; OOJ; iiO. 
(b)OOi; iii; OOi; iii 
(c) iiO; iii; iiO; Hi 
(d)iii; iiO; iii; iiO. 

(e) Oiu; JO a; i 0, i-u; 0, i u+i 
Eight equivalent positions: 

(f) OOu; iiu; i i u+i; 0, 0, u+i; 
a; iiQ; i, i, i-u; 0, 0, i-u. 

(g) uuO; uQi; u+i, i-u, i; u+i, u+i, 0; 
uQO; aui; i-u, u+i, i; i-u, i-u, 0. 

(h)uui; uaO; u+i, i-u, 0; u+i u+i, i; 

atli; auO; i— u, u+i 0; i-u, i-u, i 
(i) u, u+i v; u, i-u, v+i; a, i-u, v; a, u+i v+i; 

u+i, u, ^; u+i. a, i-v; i-u, a, ?: i-u, u, i-v. 
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Space-Gboup D^-ieantinuei). 
Sixken equivalent positions: 

(i) xyz; y+J, J-x, z+J; xyz; ^-y, x+J, z+J; 

x+J, y+i, 2; y, S, i-z; J-x, J-y, z; y, x, i-z; 
X, y, z+i; i-y, i-x, z; x, y, z+J; y+i x+J, z; 
J-x, y+i, i-z; yxz; x+i, J-y, i-z; yxz; 
Space-Group D2. 

TtiH> equivalent positions: 

(a) 000; Hi. (b) OOJ; HO. 

Four equivalent positions: 

(c) OiO; JOO; JOJ; OH- 

(d)OH; ioi; OH; io}. 

(e) OOu; a; i, i, i-u; i, i, u+J. 
EigU equivalent positions: 

(f) Hi; Hi; Hi; Hi; 
iH; Hi; iii; iii 

(g)OJu; JOu; i, 0, u+i; 0, J, u+i; 

OH; ioa; J, o, j-u; o, i, j-u. 

(h) uuO; uQO; u+J, J-u, i; u+J, u+i, J; 

oaO; uuO; i~u, u+i, J; i— u, i— u, J. 
(i) uOO; OuO; i, u+i, i; u+J, i, J; 

dOO; OQO; J, J~u, i; J-u, i J. 

(j) uOi; OuJ; i, u+i, 0; u+J, J, 0; 

QOJ; Oai; i, J-u, 0; i-u, J, 0. 

Sixteen equivalent positions: 

(k) u, u+i, i; i-u, u, i; a, J-u, i; u+J, a, i; 

u+i, u, i; u, J-u, i; J-u, tl, i; a, u+i, i; 

a, i-u, i; u+i, Q, i; u, u+i i; J-u, u, }; 

i-u, a, i; a, u+i i; u+i, u, i; u, i-u, i 
0) uvO; vuO; tl^O; vuO; 

vuO; u^O; vaO; flvO; 

u+i, v+i, J; i-v, u+i i; i-u, J-v, i; v+i, i~u, J; 

v+i,u+i, i; u+i, J-v, J; i-v, J-u, J; i-u, v+i, i 
(m)utlv; uuv; Quv; tlliv; 

tlul^; uut; ufl^; Qtl^; 

u+i, J-u, v+i; u+J, u+J, v+i; i-u, u+J, v+J; 

i-u, J-u, v+J; 

J-u, u+J, i-v; u+J, u+J, J-v; u+J, J-u, J-v; 

i-u, J-u, J-v. 
(n)Ouv; tlOv; Otiv; uOv; 

uOt; OQ^; tlO^; Ou^; 

i,u+i v+i; i-u, J, v+J; i, i-u, v+J; u+J, i, v+i; 

u+iii-v; ii-u, i-v; J-u, i J-v; J, u+J, J-v. 



Digitized by 



Google 



100 



THE TETRAGONAL SPACE-GROUPS DiJ-DlS. 



Space-Group DjS-(corUmtied). 

Thirty4wo equivalent positions 

(o) xyz; yxz; xyz 

yxz; xyz; y5cz 

xyz; yxz; xyz 

yxz; xyz; yxz 



yxz; 
xyz; 
yx2; 
xyz; 



z+i; 
J-z; 
i-z; 



x+i, y+J, z+J; i-y, x+i, z+J; J-x, i-y, z+i 

y+i, i-x, 
y+i x+§, §-z; x+i i-y, J-z; J-y, J-x, J-z 

i-x, y+J, 
i-x, J-y, J-z; y+i, J-x, J-z; x+i, y+i, J-z 

i-y, x+J, 
i-y, i-x, z+i; i-x, y+J, z+i; y+i, x+J, z+i 

x+i, i-y, z+i 
Space-Group D12. 

Four equivalent positions: 

(a) 000; 00§; iii; iiO. 

(b) OiO; iOO; OiJ; iOi. 

(c) OOi; OOf; iii; iii 
(d)Oii; iOi; iOf; Oif. 

Eight equivalent positions: 

(e) HO; iiO; HO; ifO; 

Hi; iii; iii; iii. 

(f) OOu; Hu; i, i, u+i; 0, 0, u+i; 
OOu; iiu; i, i, i-u; 0, 0, i-u. 

(g)Oiu; iOu; i, 0, u+J; 0, i, u+i; 

Oitl; iOn; i, 0, i-u; 0, i, i-u. 
(h) u, u+i, i; i-u, u, i; a, i-u, i; u+i, a, i; 

u+i, u, i; u, i-u, i; i-u, % i; tl, u+i, f 
Sixteen equivalent positions: 



(i) uuO; uui 

tiuO; Qui 

uuO; tilii 

uuO; uQi 

(j) uOO; uOi 

OuO; Oui 

QOO; tiOi 

OtiO; OQi 

(k) uvi; vui 

^ui; ul^i 

ti^i; ^tii 

vtii; Qvi 

(1) u, u+i, v; 
u+i, u, v; 



u+i, u+i, 0; u+i, u+i, i; 

i-u, u+i, 0; i-u, u+i, i; 

i-u, i-u, 0; i-u, i-u, i; 

u+i, i-u, 0; u+i, i-u, i. 



u+i, i, 0; u+i, i, i; 

i, u+i, 0; i, u+i, i; 

i-u, i, 0; i-u, i, i; 

i, i-u, 0; i, i-u, i. 

v+i, u+i, i; u+i, v+i, i; 

u+i, i-v, i; i-v, u+i, i; 

i-v, i-u, i; i-u, i-v, i; 

i-u. v+i, i; v+i, i-u, i 

I-u, u, v; Q, i-u, v; u+i, a, v; 

u, i-u, v; i-u, u, v; Q, u+i, 9; 
ti, i-u, i-v; u+i, u, i-v; u, u+i, i-v; i-u, u, i-v; 
i-u, ti, v+i; ti, u+i, v+i; u+i, u, v+i; u, i-u,v+i. 
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Space-Gbouf DlS {eonlinued). 

TMrtjf-two equivalent positions: 

(m):Qr«; yxa; xyz; yXz; 
yx8; 3^8; yxf; Xy2; 
*, S, i-z; y, X, l-z; x, y, i-z; y, X, i-z; 
y, X, z+i; X, y, z+i; y, x, z+i; x, f, z+i; 
x+i, y+i, z+i; i-y, x+§, z+i; J-x, J-y, z+§; 

y+i, i-x, z+i; 
y+i x+J, i-z; x+i i-y, i-z; J-y, i-x, J-z; 

i-x, y+§, i-z; 
i-x,i-y,ai; y+ii-x, f; x+i, y+i z; i-y,x+i2; 
i-y, }-x, z; i-x, y+iz; y+i x+i z; x+i, J-y, z. 
Space-Gbouf DS* 

Four equivalent positions: 

(a) 000; OH; iOf; Hi 
(b)00i; OH; iOi; HO. 
^H^U equivalent positions: 

(c) OH; HI; ofi; ioj; 

iil; HI; ill; 10|. 

(d)iH; iO|; iH; iH; 

OH; io|; OH; Hi 

(e) OOu; 0, i u+i; i i u+i; i 0, u+J; 
OOQ; 0, i i-u; i i i-u; i 0, f-u. 

Sixteen equivalent positions: 

(f) uil; ii-u, I; QH; iuj; 
u+i i I; f, i-u, I; i-u, i I; Jul; 
tlH; 1, u+i I; uH; |ai; 
i-u, i I; iu+il; u+ii |;i<li 

(g) uuO; u, i-u, i; flQO; i-u, u, 1; 
u+i u, i; u+i i-u, i; i-u, fl, |; Q, u+i i; 
OuO; a, i-u, i; uttO; u, u+i i; 
i-u, u+i i; i-u, i-u, i; u+i, a, 1; u+i u+i i 

(h) Ouv; u, i, v+i; Otlv; i-u, 0, v+i; 

i u, i-v; u+i i i-v; i (I, l-v; HO^; 

i u+i v+i; u+i 0, V+I; i i-u, v+i; a, i v+i; 

0, u+i i-v; uOt; 0, i-u, J-v;i-u, i i-v. 

Tfarty4wo equivalent positions: 

(i) xyz; y, i-x, z+i; syz; i-y, x, z+f; 

x+i y, i-ss; y+i i-x, i-z; i-x, y, }-z; yxz; 

Xyz; y, i-x, z+i; xyz; y+i x, z+f; 

i-x, y, I-z; i-y. i-x, i-z; x+i y, f-z; yra; 

x+i, y+i z+i; y+i X, z+|; i-x, i-y, z+i; 

?, x+i z+i; 
X, y+i i-z; yXz; X, i-y, i-z; i-y, x+i i-z; 
i-x, y+i z+i; i-y, X, z+|; x+i i-y, z+i; 

y, x+i, z+i; 
X, y+i J-z; yxa; x, i-y, i-z; y+i x+i i-z. 
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Space-Gboup I^.* 

Eight equivalent podtioDB: 

(a) 000; OH; iO|; iiO; 

001; Oil; iOj; Hi 

(b)OOi; OH; §00; iiJ; 

OOi; 0|0; jOi; iij. 

Sixteen equivalent positions: 

(c)OH; iH; oif; joi; 

Hi; iH; iH; |oi; 

OH; IH; oH; |of; 

HI; iH; HI; io|. 

(d) OOu; 0, I, u+l; §, 0, u+i; i, J, u+|; 
a; 0, i, u+l; §, 0, u+|; i, i i-u; 
H u; 0, I, l-u; I, 0, |-u; 0, 0, i-u; 
iifl; 0, i, i-u; J, 0, i-u; 0, 0, u+f 

(e) uH; i i-u, I; oil; iuf; 
u+i, i. i; I, i-u, I; i-u, |, 1; |u|; 
aii; i-u, J, I; I, u+i, I; |t»*; 
u||; u+i, I, I; i, u+i, f; Hi 

(f) uuO; u, i-u, J; ttttO; i-u, u, |; 
u+i, u, J; u+i, i-u, 0; i-u, u, J; tt u i; 
u+i, u+i, i; u+i, Q, |; i-u, i-u, i; «, u+i, i; 
u. u+i, I; utti; a, i-u, |; i-u, u+i, 0. 

TMtiy-ttPO equivalent positions: 

(g) xyz; y, i-x, «+i; xy«; i-y, x, «+l; 
x+i, y, i-«; y+i, i-x, «; i-x, y, i-«; y, x, i-s; 
*, y, »+i; y, i-x, z+l; x, y, «+i; y+i, x, b-H; 
i-x, y, l-z; i-y, i-x, i-s; x+i, y, |-s; yx«; 
x+i, y+i, z+i; y+i, x, s+l; i-x, i-y, s+i; 

y, x+i, «+i; 
X, y+i, |-«; y, x, i-s; x, i-y, l-s; i-y, x+i, «; 
i-x, y+i, z; i-y, x, z+J; x+i, i-y, z; y, x+i, z+|; 
*, y+i, i-z; y«; x, i-y, j-z; y+i, x+i, i-z. 
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CUBIC SYSTEM. 
THE SPECIAL CASES OF THE CUBIC SPACE^ROUPS. 

ONE Eqititalbnt Position. 

(la) 000. (lb) Hi 

TWO Eqitiyalbnt Positions. 

(2a) 000; ^H. 

THREE EomvALBNT Positions. 

(3a) iJO; iOJ; OH- (3b)i0 0; OJO; 0}. 

FOUR EamvALBNT Positions. 

(4a) uuu; ufld; tlutl; Qtlu. 
(4b) 000; HO; }0}; OH- 
(4c) }H; }00; 0}0; 00}. 

(4d)Hi; Hi; Hi; Hi 
(4e) Hi; Hi; Hi; HI 

(4f) uuu; u+i }-u, Q; Q, u+i }-u; }-u, Q, u+i 

(4g)*H; Hi; Hi; Hi 

(4h)fH; Hi; Hi; Hi 

(4i) HI; Hi; Hi; HI 

(4i) til; iH; Hi; Hi 

SIX Equivalent Positions. 

(6a) uOO; OuO; OOu; (6e) 0}0; 00}; }00; 

aOO; 000; OOtl. }0}; }}0; 0}}. 

(6b)}u0; 0}u; uO}; (6f) 0}i; JO}; }iO; 

}flO; 0}tl; aOi 0}f; }0}; }|0. 

(6c) Ou}; }0u; u}0; (6g) }0i; i}0; OH; 

Ofl}; }0Q; tl}0. }0i; }}0; OH- 

(6d) }u}; }}u; u}}; 

}0}; }}a; a}i 

EIGHT Equivausnt Positions. 

(8a) uuu; Oufl; u+}, u+i u+}; }-u, u+i }-u; 

uflO; Qflu; u+i }— u, }— u; }— u, }— u, u+i 

(8b) uuu; }-u, u, fl; u+}, u+}, u+}; Q, u+i }-u; 

u, a, }-u; a, }-u, u; u+i }-u, tl; }-u, 0, u+}. 

(8c) uuu; uOd; Qud; QQu; 

tlQa; Quu; utlu; uuQ. 

(8d) uuu; QuO; }— u, }— u, }— u; u+i }— u, u+}; 

utlQ; (I flu; }— u, u+}, u+}; u+i u+i }— u. 

(8e) iH; iH; iii; iH; 
Hi; iii; iii; iii- 
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EIGHT Equiyalsnt Pobitionb. — Continued. 



m OH; 


iOi; 


iiO; 


000; 


iil; 


iii; 


iii; 


iii. 


(8g) JOO; 


OiO; 


OOi; 


iii; 


Hi; 


iii; 


iii; 


iii 


(8h) uuu; 


u+i, 


i-u, tl 


; fl, u+i, i-u; i-u, a, u+i; 


QOfl; 


i-u, 


u+i, u 


; u, i-u, u+i; u+i, u, i-u. 


(8i) 000; 


iiO; 


iOi; 


Oii; 


iii; 


OOi; 


OiO; 


ioo. 


(8i) uuu; 


u+i. 


i-u, 11 


; a, u+i, i-u; i-u, a, u+i; 


i-u, 


i-u. i 


— u; u- 


f i, i-u, u+i; i-u, u+i, u+i; 

u+i, u+i, i-u. 


(8k) uuu; 


u+i, 


i-u, a 


; tl, u+i, i-u; i-u, a, u+i; 


i-u, 


i-u, i 


— u; u- 


H, i-u, u+i; i-u, u+i, u+i; 

u+i; u+i, i-u. 


(81) iii; 


iff; 


iil; 


iii; 


IH; 


HI; 


Hi; 


HI 


(8m) III; 


IH; 


ill; 


HI; 


Hi; 


iif; 


iii; 


ill 




TWELVE Equivaubint Posrnoire. 


(12a) uOO 


; QOO, 


; u+i, 


i, i; i-u, i, i; 


OuO 


; OtlO 


; h u+i, i; i, i-u, i; 


OOu 


; OOO, 


i, i, 


u+i; i, i, i-u. 


(12b) uiO 


; fliO; 


u+i. 


0, i; i-u, 0, i; 


Qui 


; Ofli; 


i, u+i, 0; i, i-u, 0; 


iOu 


; iOa; 


0, i. 


u+i; 0, i, i-u. 


(12c) uOi 


; oii; 


u+i. 


i, i; i-u, 0, i; 


iuO 


; ioi; 


i, u+i, i; i, i-u, 0; 


Oiu 


; iio; 


i, i, 


u+i; 0, i. i-u. 


(12d)0uv 


; OtlV 


; Ou^; 


Oav; 


vOu 


; ^OQ 


; VOu; 


vOfl; 


uvO 


; ato 


; uVO; 


flvO. 


(12e) Juv 


; i<l^ 


; ivL^i 


iOv; 


viu 


; ^io 


; Viu; 


via; 


uv§ 


; tlti 


; uvi; 


tlvi. 


(120 uOi 


; flOi; 


uiO; 


aio; 


iuO 


; itio; 


Oui; 


oai; 


Oiu 


; OiO; 


iOu; 


ion. 


(12g) uuv 


; uOt 


; fluV 


; aav: 


vuu 


; VuO 


; Vflu 


; vtlQ; 


uvu 


; O^u 


; utn 


; flvfl. 


(12h) jOi; 


ioi 


; Oii; 


Oii; 


iJO; 


iio, 


. iiO; 


iiO; 


oii; 


oii 


; iOi; 


ioi. 
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TWELVE Equitauint Positiomb. — Continued. 



(la) 

(12i) 
(12k) 

(121) 

(12m) 

(12n) 

(120) 

(12p) 

(12q) 

(12r) 

(12») 



>i 



uO 

iuO 

0}u 

u^O 

Ou} 

iOu 

iOi 

iio 

Oil 

Ht 
iii 
iH 

uQO 

Oua 

HOu 

uaf 

i, u, §-u; 
i-u, i, u; 
u, §-u, i; 
i, u, i-u; 
§-u, i u; 
i-u, u, i; 
i i-u, u; 
«, i i-u; 
i-u, u, I; 
f, i-u, u; 
u, f, i-u; 
iOi; fii; 
iiO; if§; 
Oil; iif: 



00} 

}ao 
o|a 
aio 
oni 

iOQ 

ioi 
iio 
oii 
Hi 
iii 
iii 
uuO 
Ouu 
uOu 
uu| 
iuu 
uiu 



u+i, 0, i; 
§, u+i, 0; 
0, §, u+i; 
u+i i, 0; 
0, u+§, §; 
J, 0, u+i; 

iii; iil 



i-u, 0, i; 
i, i-u, 0; 
0, i, i-u. 
i-u, i, 0; 
0, i-u, i; 
i, 0, i-u. 



iif 
Hi 

Oii 

iio 

IOi. 

auO; 

OQu; 

uOa. 

Oui; 

iOu; 

uia. 



ili; 
iif; 
Oil; 
fOi; 
i«0; 
QflO; 
Otlfl; 
aOQ; 

aai; 

ioa; 

tiio; 
u, u+i, i 
i, u, u+i 
u+i, i, u 
u, u+i, i 
i, u, u+i 
u+i, i, u 
i-u, i-u, i; 
i, i-u, i-u; 
i-u, i. i-u; 
i-u, i-u, i; 
i i-u, i-u; 
i-u, i, i-u; 

fOi; iii; 

ifO: iii; 

Oil; iii. 



Q, i-u, i; 
i, tl, i-u; 
i-u, i, a; 
Q, i-u, i; 
i, % i-u; 
i-u, i, 0; 
u+i, u+i, I 
I, u+i, u+i 
u+i, I, u+i 
u+i, u+i, i 
i, u+i, u+i 
u+i, i u+i 



Q, u+i, i; 
i, a, u+i; 
u+i, i, a. 
a. u+i, i; 

i, Q, u+i; 
u+i, i, Q. 
u+i, Q, I; 
I, u+i, fl; 
a, i u+i. 
u+i, Q, i; 
h u+i, il; 
Q, h u+i. 



SIXTEEN Equivauent Positionb. 



(Ida) uuu; 

uHQ; 

Qutt; 

QQu; 
(16b) ill; 

IH; 
III; 
ill; 



u+i, u+i, u; 
u+i, i-u, fl; 
i-u, u+i, a; 
i-u, i-u, u; 
Hi; HI; 
IH; IH; 



IH; 
IH; 



HI; 
IH; 



u+i, u, u+i; 
u+i, fl, i-u; 
i-u, u, i-u; 
i-u, Q, u+i; 

ill; 
ill; 
ill; 
HI 



u, u+i, u+i; 
u, i-u, i-u; 
Q, u+i, i-u; 
a, i-u, u+i. 
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i-u, i-u, i-u; 
i-u, u+J, u+i; 
u+i, J-u, u+J; 

u+i, u+i. i-«- 
a, i-u, u; 



SIXTEEN Equivalent PosrnoNa. — Continued. 

(16c) iH; HI; Hi: iff; 

Hi; iif; fii; iff; 

Hi; iif; fii; iff; 

ifi; HI; IH; III 

(16d) uuu; QflQ; u+J, u+i, u+f; 

uflQ; fluu; u+i, i— u, i— u; 

OuQ; uOu; i— u, u+i, i— u; 

atlu; uuQ; i— u, i— u, u+i; 
(16e) uuu; u, Q, i— u; i— u, u, 0; 

QQQ; Q, u, u+J; u+i, fl, u; u, u+i, Q; 

u+i, u+J, u+i; u+i, i-u, Q; fl, u+i, i-u; 

i-u, Q, u+i; 

u-i u-i. u-i; i-u, u+i, u; u, i-u, u+i; 

u+i, u, i-u. 
(16f) uuu; u, Q, i-u; i— u, u, Q; tt, i-u, u; 

i-u, u+i, i-u; u+i, i-u, i-u; 

i-u, i-u, u+i; 
u+i, i-u, Q; Q, u+i, i-u; 

i-u, a, u+i; 
i-u, u+i, i-u; u+i, i-u, i-u; 
i-u, i-u, u+f 
(16g) uuu; u, Q, i— u; i— u, u, tl; % i-u, u; 

i-u, i-u, i-u; u+i, i-u, u+i; i-u, u+i, u+i; 

u+i, u+i, i-u; 
u+i, u+i, u+i; u+i, i-u, il; Q, u+i, i-u; 

i-u, 0, u+i; 
i-u, i-u, i-u; u+i, i-u, u+i; i-u, u+i, u+i; 

u+i, u+i, i-u. 
iii; 



u+i, u+i, u+i 
u+i, u+i, u+i 
u+i, u+i, u+i 



(16h) 000; 

iiO; 

iOi; 

Oii; 
(16i) iii; 

Hi; 

III; 

III; 



iii 
Hi 
iii 
iii 
HI 
HI 
ill 
IH 



iii; 

iii; 
iii; 
iii; 
Hi; 
IH; 
Hi; 
HI; 



ooi 

OiO 

ioo 
Hi 
Hi 
HI 
HI 



TWENTY-FOUR Equivalbnt Positions. 

(24a) u 00; u+i, i, 0; u+i, 0, i; uii; 

tlOO; i-u, i, 0; i-u, 0, i; Qii; 

OuO; i, u+i, 0; iui; 0, u+i, i; 

COO; i, i-u, 0; iQi; 0, i-u, i; 

OOu; iiu; i, 0, u+i; 0, i, u+i; 

OOfl; iiO; i, 0, i-u; 0. i, i-u. 
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TWENTY-POUR Eqititalbnt Positions. — Continusd. 



(24b) 



(24c) 



(24d) 



(24e) 



(24f) 



(24g) 



(24h) 



iiu 
Ha 
iiu 
Hu 
uH 
aii 
iio 
oii 
ioi 

Hi 
Hi 
Hi 

Ouv 
OQ^ 
OuV 
Otlv 
vOu 

uoi 

iuO 

oiu 

ao| 

IQO 
Offi 
uOi 
iuO 
Oiu 

aoi 
iao 

OiQ 
uuv 
vuu 
uvu 
uttt 
^ufl 

ioo 

OiO 
OOi 
100 
OfO 
OOi 



tlii 

uii 
iui 
iai 
iai 
iui 

iio 
oii 
iOi 
iii 
iii 
iii 

tOu 

voa 

uvO 

n^o 

uVO 
flvO 

iiii 
ifli 
iiu 
uii 
iui 
iiu 

uiO 
Oui 
iOu 

aio 
oa} 
ioa 

Qu^ 
Vttu 
U^Q 
flQv 
vQfl 
OvQ 

iii 
iii 
iii 

iii 
iii 
iii 



u+i. i, i 
i-u, i, i 
i-u, i, i 
u+i, i, i 
i u+i, i 
i, i-u, i 
iiO; iiO 
Oii; Oii 
iOi; iOi 
iii; iii 
iii; iii 
iii; iii. 

i, u+i, v+§; 

i, i-u, i-v; 

i, u+i, i-v; 

i, i-u, v+i; 

v+i, i, u+i; 

i-v, i, i-u; 

i-u, 0. i; 

i, i-u, 0; 

0, i, i-u; 

u+i, 0, i; 

i, u+i, 0; 

0, i, u+i; 

u+i, i, 0; 

0, u+i, i; 

i, 0, u+i; 

i-u, i, 0; 

0, i-u, i; 

i, 0, J-u; 

u+i, u+i, v+i; 

v+i, u+i, u+i; 

u+i, v+i, u+i; 

u+i, i-u, i-v: 

J-v, u+i, i-u; 

i-u, i-v, u+J; 

iiO; Oii; 

iiO; iOi; 

HO; iOf; 

iiO; iOi; 

Oii; Oii; 

iOi; Oii. 



i, i-u, i; 
i, u+i, i; 
i, i. u+i; 
i i i-u; 
i, i, i-u; 
i, i, u+i. 



i-v, i, u+i; 
v+i, i, i-u; 
u+i, v+i, J; 
i-u, i-v, I; 
u+i, i-v, I; 

i-u, v+i, |. 

u+i, i, i; 
i, u+i, i; 
i. i, u+i; 
i-u, i, i; 
i, i-u, i; 
i, i, i-u. 
u+i, 0, h 
i, u+i 0; 
0, i, u+i; 
i-u, 0, §; 
i, i-u, 0; 

0, i, i-u. . 

i-u, u+i, i-v; 
i-v, i-u, u+i; 
u+i, i-v, i-u; 
i-u, I-u, v+i; 
v+i, i-u, J-u; 
i-u, v+i, i-u. 
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TWENTY-FOUR Equivalent PosmoNS. — Continued. 



(24i) uOi; 
iuO; 
OJu; 
i, u+i. h 

i i, u+J; 

(24j) ullO; uuO 
Outl; Ouu 
dOu; uOu 
QuO; oaO 
OQu; OQQ 
uOa; QOll 

(24k) u, l-u, i; 
I, u, i-u; 
i-u, i, u; 
u+i tl, i; 

i u+i 11; 

(241) uOi; 

luO; 

OJu; 

i i-u, 0; 

l-u, 0, i; 

0. J, i-u; 
(24in)u, u+J, 1; 

i, u, u+i; 

u+i, i u; 



i-u, 0, 1; 
i i-u. 0; 
0, i i-u; 
i i-u, i; 
i-u, i, i, 
i, i i-u; 

u+i, i-u, i; 

i, u+i, i-u; 

i-u. i, u+i; 

u+i, u+i, i; 

i, u+i, u+i; 

u+i, i, u+i; 
u, u+i, } 
i u, u+i 
u+i, J, u 
i-u, fl, i 
0, i, i-u 
i, i-u, 11 
u+i, i, i 
i u+i, i 
i, i, u+i 
f, i-u, i 
f-u, i, i 
i. I. I-u 
fl, i-u, i 
i, tt, i-u 
i-u, i, 11 



oii; 
iiii; 
iia; 

u+i, i, I; 
if u+i, i; 
i i u+i; 



i, i-u, 0; 
I-u, 0, i; 
0, i, i-u; 
i u+i 0, 
u+i 0, i; 
0, i u+f. 

i-u, i-u, i 

i, i-u, i-u 

i-u, i, i-u 

i-u, u+i, i 

i, i-u, u+i 

u+i, i, i-u. 

0, u+i, i 

i % u+i 

u+i, i a 

i-u. u, i 

u, i i-u 

i i-u. u. 

flii; 
ioi; 
iifl; 

I u+i 0; 

u+i 0, 1; 
i i u+i; 0, i u+i 
u, i-u, I; a, u+i I; 
i u, i-u; i Q, u+i; 
i-u, i u; u+i i 11; 



tl, i-u, i; 
i 11, i-u; 
i-u, i Q; 
u+i u, i; 
u, i, u+i; 
i u+i u; 
i-u, 0, i; 
i i-u, 0; 
0. i i-u; 
i u+i i; 
u+i i i; 



u+i i-u, I; i-u, u+i i; 
i u+i J-u; i i-u, u+i; 
i-u, i u+i; u+i i i-u; 



u+i, u+i I; 

i-u, i-u, t; 
i u+i u+i; 

i i-u, i-u; 
u+i i u+i; 

i-u, i i-u. 
(24n) u, i-u, i; 11, u+i i; u, u+i |; 11, i-u, |; 
i u, i-u; i Q, u+i; i u, u+i; i tt, i-u; 
i-u, i u; u+i i Q; u+i, i u; i-u, i 11; 
u+i u+i i; i-u, i-u, i; u+i i-u, |; 

i-u, u+i I; 
i u+i u+i; i i-u, i-u; i u+i i-u; 

i i-u, u+i; 
u+i i u+i; i-u, i i-u; i-u, i u+i; 

u+i i i-u. 
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TWENTY-FOUR Equivalbnt Positions. — Continued. 



(24o) Ouv 


; OQI^i 


Ou^i 


Otlv; 




vOu 


; VOU', 


VOu; 


vOQ; 




uvO; 


, lltO; 


ul^O; 


tlvO; 




uOv, 


flOl^; 


uOI^; 


aOv; 




Ovu; 


OI^Q; 


OVu; 


Ovll; 




vuO; 


ifnO; 


VuO; 


vaO; 




(24p)iuv; 


Jtlt; 


inlt] 


iflv; 




viu, 


ViQ; 


Viu; 


vH; 




uvJi 


fl^i; 


u^i; 


tlvi; 




uiv; 


a|^; 


uH; 


aiv; 




Jvu; 


i^tl; 


i^u; 


ivQ; 




vufi 


^fli; 


^u|i 


vlli 




(24q) uuv 


; uttv. 


tlul^ 


; Otlv; 




vuu 


; ^uQj 


l^llu 


; vflfl; 




uvu 


, tlVu 


; nfH 


; llvO; 




tmv 


; tluv 


; ullv 


; uul^; 




tlltl 


; vflu 


; vutt 


; Vuu; 




OtQ 


; uvfl 


, ttvu 


; utu. 




(24r) Ouv, 


OllVj 


Out; 


Oflv; 




vOu; 


VOfl; 


I^Ou; 


vOa; 




uvO, 


ilVO; 


utO; 


tlvO; 




i-u, 


i,i-v, 


u+§, 


iv+i; J-u, J, 


v+i; u+i §, i-v; 


i§- 


V, J-u 


; i,v+ 


i,u+i; iv+i,i-u; ii-v,u+J; 


*-v, 


i-u,i 


; v+i 


u+ii; v+i,i- 


-u,i; i-v,u+iJ. 


(248) u, i- 


■u, i; 


u, u+i 


r 1; tl, i-n, i; 


0, u+i, i; 


i. u, 


i-u; 


i, u, u- 


H; i 11, l-u; 


i a, u+l; 


i-u, 


i,u; 


u+i i 


«; i-«, i «; 


u+i, i, a; 


tl, uH 


4,1; 


Q, i-u 


, J; u, u+§, i; 


«, §-u, }; 


i fl, 


u+i; 


J, a, J- 


-u; i u, u+i; 


i, u, i-u; 


u+i 


ifl; 


i-u, i 


tl; u+i i, u; 


§-u, i u. 


(24t) u, i- 


■u, i; 


u, u+i 


, I; tl, §-u, i; 


11, u+i, i; 


i, u, 


i-u; 


i u, u- 


H; i, tl, §-u; 


1, 0, u+i; 


i-u, 


i, u; 


u+i, i 


u; §-u, i tl; 


u+i i, 0; 


i-u, 


u, i; 


u+i u 


. 1; i-u, 0, i; 


u+i a, i; 


u, i, 


i-u; 


u, i u- 


H; % i i-u; 


11, 1, u+i; 


I, i- 


-u, u; 


iu+i 


«; i i-u, 0; 


i, u+i Q. 



(24u) uuv; utiV; 11 uV; Ottv; 
vuu; VuQ; Vflu; vflfl; 
uvu; flVu; uVfl; flvfl; 
§-u, i-u, i-v; §-u, u+§, v+i; 

i-v, §-u, i-u v+i J-u, u+i; 

i-u, J-v, J-u; u+i, v+J, i-u; 



u+i i-u, v+l; 

u+i u+i i-v; 
v+i, u+i, i-u; 

i-v, u+i, u+i; 
i-u, v+i, u+i; 

u+i, i-v, u+i. 
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SPECIAL CASES OF THE CUBIC SPACE-OROtTPS. 



TWENTY-POUR Equivalbnt Posmoira. — ConHnved. 



(24v)i0i 
HO 
OH 
iOi 
HO 
Off 

(24w)|0i 
HO 

OH 
tof 
ifo 

Oil 



fii; 
Hi; 

HI; 
Hi; 
iH; 

Hi; 
iii; 
Hi; 
iii; 
iii; 
iii; 
iii; 



ioi; 
HO; 
Oil; 
Hi; 
Hi; 
iii; 
ioi; 
HO; 
OH; 
Hi; 
Hi; 
ill; 



iii 
iii 
iii 

|0i 
i|o 
Oil 

Hi 

iii 
iii 

ioi 
iio 
Oil. 



THIRTY-TWO Equivaubnt Positionb. 



(32s) uuu 
uao 
Qua 
Qllu 
aaa 

Uuu 

uHu 

uutl 

(32b) uuu 

uaa 
aua 

Otlu 

i-u, 



u+i, u+i, 
u+i, i-u, 
i-u, u+i, 
i-u, i-u, 
i-u, i-u, 
i-u, u+i, 
u+i, i-u, 
u+i, u+i, 
u+i, u+i, 
u+i, i-u, 
i-u, u+i, 
i-u, i-u, 
i-u, i-u; 



u, u+i, u+i; 
u, i-u, i-u; 
% u+i, i-u; 
11, i-u, u+i; 
fl, i-u, i-u; 
a, u+i, u+i; 
u, i-u, u+i; 
u, u+i, i-u. 
u, u+i, u+i; 
u, i-u, i-u; 
0, u+i, i-u; 
Q, i-u, u+i; 



i-u, u+i, u+i; 
u+i, i-u, u+i; 
u+i, u+i, i-u; 

(32c) uuu; u+i, u+i, 
uQQ; u+i, i-u, 
Qull; i-u, u+i, 
tltlu; i-u, i-u, 
u+i, u+i, u+i; 
i-u, u+i, i-u; 
u+i, i-u, i-u; 
i-u, i-u, u+i; 



u; u+i, u, u+i 
Q; u+i, a, i-u 
Q; i-u, u, i-u 
u; i-u, fl, u+i 
fl; i-u, a, i-u 
u; i-u, u, u+i 
u; u+i, fl, u+i 
(I; u+i, u, i-u 
u; u+i, u, u+i 
tt; u+i, Q, i-u 
fl; i-u, u, i-u 
u; i-u, fl, u+i 
i-u, i-u, i-u; i-u, i-u, i-u; 

i-u, i-u, i-u; 
i-u, u+i; u+i; i-u, u+i, u+i; 

i-u, u+i, u+i; 
u+i, i-u, u+i; u+i, i-u, u+i; 

u+i, i-u, u+i; 
u+i, u+i, i-u; u+i, u+i, i-u; 

u+i, u+i, i-u. 
u; u+i, u, u+i; u, u+i, u+i; 
fl; u+i, fl, i-u; u, i-u, i-u; 
fl; i-u, u, i-u; fl, u+i, i-u; 
u; i-u, fl, u+i; fl, i-u, u+i; 
u, u, u+i; u, u+i, u; u+i, u, u; 
fl, u, i-u; fl, u+i, fl; i-u, u, fl; 
u, Q, i-u; u, i-u, fl; u+i, fl, fl; 
fl, fl, u+i; fl, i-u, u; i-u, fl, u. 
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HI 



THIRTY-TWO Equivalbnt Positions. — Continued. 



(32d) 



(32e) 



(32f) 



iii; 
HI; 
Hi; 
III; 
Hi; 
4H; 
IH; 
H»; 
HI; 
Hi: 
HI; 
iH; 
HI; 
iif; 
HI; 
Hi; 

uuu; 

i-u, 

aaa; 
u+i, 

u+i 

I-u, 

i-u, 

u+i 



Hi; 
ill; 

Hi; 
IH; 
HI; 

Hi; 
IH; 
Hi; 
Hi; 
HI; 
IH; 
HI; 
HI; 
IH; 
Hi; 
HI; 
u, a, 



Hi 
IH 
HI 
IH 
HI 
HI 
ill 
HI 
HI 
Hi 
IH 
ill 
HI 
IH 
HI 
Hi 
I-u; 



HI 
HI 
III 
Hi 
HI 
HI 
HI 
HI 
Hi 
ill 
IH 
III 
HI 
III 
Hi 
HI 
J-u, u, 
u+i 1- 



ti; fl, J-u, u; 
u, U+I; J-u. u+i u+J; 
u+i u+i i-u; 
u+i Q, u; u, u+i Q; 
i-u, u+i i-u; u+i i-u, i-u; 
i-u, i-u, u+i 
u+i u+i; u+i i-u, a; Q, u+i i-u; 

4-u, fl, u+i 
i-u, u+i u+i; 
u+i u+i i-u 
i-u, i-u; i-u, u+i u; u, 4-u, u+i; 

u+i, u, i-u; 
u+i u+i; i-u, u+i i-u; u+i i-u, i-u; 

i-u, i-u, u+i 



i-u, i-u; 

Q, u, u+i; 
u+i u+i; 



i-u, i-u; u+i i-u, u+i; 



FORTY-EIGHT Equivalent Positions. 



(48a) iiu; 
Htt; 

Hii; 

Hu; 
uii; 
Qii; 
QH; 

uii; 
iui; 

iQi; 

mi; 

Iui; 



iiQ; 
Hu; 
Hu; 
iiQ; 
Oil; 
uii; 
uii; 
Qii; 
IQi; 
iui; 
Iui; 
IQi; 



u+i, i i; 
i-u, i i; 
4-u, i i; 
u+i i i; 
i u+i i; 
i i-u, 4; 
i i-u, i; 
i u+i i; 
4-u, i i; 
u+i i i; 
u+i i i; 
4-u, i i; 



i 4-u, i 
i u+i i 
i u+i, i 
i i-u, i 
i i, u+i 
i i 4-u 
i i 4-u 
i i u+4 
i i 4-u 
i 4, u+i 
i i u+i 
i i i-u 
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SPECIAL CASES OF THE CUBIC SPACE-OBOXJFS. 



FORTY-EIGHT Equivaiatt Poemoira.— Con<»ntMd. 

(48b) Ouv; i u+i, v; §, u, v+f; 0, u+i v+i 

OQ^; i, §-u, V; i 11, J-v; 0, J-u, i-v 

OuV; J, u+i t; i u, J-v; 0, u+i, J-v 

Otlv; i J-u, v; i, 11, v+i; 0, J-u, v+i 

vOu; v+i i u; v+i, 0, u+i; v, §, u+i 

^011; i-v, i, fl; i-v, 0, J-u; V, i, J-u 

^Ou; i-v, i u; i-v, 0, u+i; 1^, J, u+i 

vOQ; v+l, i fl; v+i 0, i-u; v, i, J-u 

uvO; u+i v+i 0; u+J, v, i; u, v+i f 

a^O; i-u, i-v, 0; J-u, t, J; Q, i-v, i 

utO; u+i J-v, 0; u+i ^, i; u, i-v, f 

QvO; J-u, v+i 0; §-u, v, i; 11, v+i i 

(48c) uOO; u+i i 0; u+i 0, i; uH; 



11 00; i-u, i 0; 

OuO; i u+i 0; 

OQO; i J-u, 0; 

OOu; iiu; 

ooa; HQ; 



§-u, 0, i; Qji 
Jul; 0, u+i i 

illi; 0, i-u, i; 

i 0, u+i 0, i u+i- 
i 0, i-u; 0, i i-u; 
i-u, i i; i-u, i i; i-u, i }; J-u, |, i 
u+i, i i; u+i i i; u+i i }; u+i i i 

i i-u, i; i i-u, I; i i-u, i; i f-u. f 

i, u+i i; i u+i i; i u+i, i; i u+i J 

i i i-u; i i i-u; i, i }-u; i i i-u 

i, i u+i; i i u+i; i i, u+1; i i u+i 



(48d) uuv; ullV 
vuu; VuQ 
uvu; Ol^u 
u+i u+i V 
v+i u+i u 
u+i v+i u 
u+i u, v+i 
v+i u, u+i 
u+i V, u+i 
u, u+i v+i 
V, u+i u+i 
u, v+i u+i 

(48e) uOO; 
OuO; 
OOu; 
aOO; 
OQO; 
OOQ; 

u+i i i; uOi; 
i u+i i; Oui; 



Hut; llllv; 
Cllu; villi; 

u^a; llvll; 

u+i i-u, t; i-u, u+i V; i-u, i-u, v; 

i-v,u+ill; i-v, i-u,u; v+i, i-u, 11; 

i-u, i-v,u; u+i i-v, fl; i-u, v+i Q; 

u+i fl, i-v; i-u, u, i-v; i-u, Q, v+i; 

i-v, u, i-u; i-v, 11, u+i; v+i tl, i-u; 

i-u, t, u+i; u+i V, i-u; i-u, v, i-u; 

u, i-u, i-v; a, u+i i-v; 11, i-u, v+i; 

t, u+i i-u; V, i-u, u+i; v, i-u, i-u; 

Q, i-v, u+i; u, i-v, i-u; Q, v+i i-u; 
u+i i 0; u+i 0, i; uii; 
i u+i 0; iui; 0, u+i i; 

i i u; i 0, u+i; 0, i, u+i; 

i-u, i 0; i-u, 0, i; Uii; 
i i-u, 0; iQi; 0, i-u, i 

iiQ; i, 0, i-u; 0, i i-u 

uiO; u+i 0, 

0, u+i 0; iuO; 
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FORTY-EIGHT EQmyAi.BNT Positions.— Con^nued. 
i, i, u+i; 0, 0, u+i; O^u; JOu; 
§, i-u, i; OQi; 0, i-u. 0; §0 0; 

i-u, i i; flOi; HiO; i-u, 0, 0; 

i, i i-u; 0, 0, §-u; OiQ; iOtl. 



(48f) uao 
Outl 
tlOu 
uuO 
Ouu 
uOu 

nao 

OQQ 
ttOtt 
fluO 
Ollu 

uoa 

(48g)uOi 
§utl 
11 §u 
uuf 
§uu 
u§u 

aa§ 
§aa 
ti|ii 
ttu) 
ifivi 

(48h) u, i-u, i; 
i u, i-u; 
J-u, i, u; 



v»+§, J-u, 0; 
i, u+i a 
i-u, i u 
u+i, u+i 
J, u+i, u 
u+J, i u 
I-u, J-u 
J, J-u, Q 
J-u, J, 11 
J-u, u+J 
J, J-u, u 
U+J, J, Q 
u+J, J-u, 
0, u+J, fl 
J-u, 0, u 
u+J, u+J 
0, u+J, u 
u+J, 0, u 
J-u, J-u, 
0, J-u, 11 
J-u, 0, a 
J-u, U+J 
0, J-u, u 

u+J, 0, a 



U+J, 11, J; u, J-u, J; 

J, u, J-u; 0, u+J, J-u; 

J-u, 0, u+J; Q, J, u+J; 

u+J, u, J; u, u+J, J; 

J, u, u+J; 0, u+J, u+J: 

u+J, 0, u+J; u, J, u+J; 

J-u, a, J; Q, J-u, J; 

J, 11, J-u; 0, J-u, J-u; 

J-u, 0, J-u; Q, J, J-u; 

J-u, u, J; Q, u+J, J; 

J, Q, u+J; 0, J-u, u+J; 

u+J, 0, J-u; u, J, J-u. 

u+J, 11, 0; u, J-u, 0; 

0, u, J-u; J, u+J, J-u; 

J-u, J, u+J; 11, 0, u+J; 

u+J, u, 0; u, u+J, 0; 

0, u, u+J; J, u+J, u+J; 

u+J, J, u+J; u, 0, u+J; 

J-u, Q, 0; 0, J-u, 0; 

0, a, J-u; J, J-u, J-u; 

J-u, J, J-u; 11, 0, J-u; 

J-u, u, 0; 11, u+J, 0; 

0, a, u+J; J, J-u, u+J; 

u+J, J, J-u; u, 0, J-u. 
u, u+i f; 11, i-u, I; Q, u+i, J; 
i u, u+i; i 11, i-u; J, Q, u+i; 
u+i, i u; i-u, i, Q; u+i J, 11; 



0; 



0; 



0; 



J; 



J; 



J; 



J; 



u+J, i-u, J; u+J, u+i, i; J-u, i-u, f; J-u, u+i J; 

i u+J, i-u; i u+J, u+i; i J-u, J-u; i J-u, u+i; 

i-u, f, u; u+i, f, u; i-u, i a; u+i |, Q; 

u+i i-u, f; u+i u+i i; J-u, J-u, |; J-u, u+i |; 

i u, i-u; i u, u+i; J, Q, i-u; i Q, u+i; 

i-u, i u+J; u+i i u+J; i-u, i J-u; u+i i J-u; 

u, i -u, f; u, u+i, i; Q, i-u, |; Q, u+i, |; 

i u+i i-u; i u+i u+i; i J-u, i-u; i J-u, u+i; 

i-u, i u+J; u+i i u+J; J-u, i J-u; u+i f, J-u. 
(48i) iOO; iJO; iOJ; iJJ; 
iOO; iJO; iOj; iJJ; 
OiO; JiO; JiJ; OiJ; 
OiO; JiO; JiJ; OiJ; 
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Fecial ca6!e& of tse ctrBiC space-g&oitp8. 



FORTY-EIGHT Equitalent Pomtiohs.— Continued. 

iOf; OH; 
*0i; OH; 
io}; Hi; 
iil; io|; 
*ii; Oil; 
Oil; Hi; 
iii; iii; 
HO; iio. 

i, u+i, v+i; 
v+i, i u+§; 
u+i, v+§, J; 
§-u, §, l-v; 
i, l-v, i-u; 
§-v, §-u, i; 
i J-u, i-v; 
i-v, I, i-u; 
i-u, i-v, i; 
u+i, i, v+i; 
i, v+i u+i; 
v+i, u+i i; 
u+i u+J, v+J; 
v+i u+i u+i; 
u+i, v+i u+i; 
i-u, i-u, i-v; 
i-u, i-v, i-u; 
i-v, i-u, i-u; 
u+i, i-u, i-v; 
i-v, u+i, i-u; 
i-u, i-v, u+i; 
u+i, i-u, v+i; 
i-u, v+i, u+i; 
v+i, u+i, i-u; 



OOi; 


iii; 


OOi; 


iii; 


iOi; 


iii; 


iii; 


iOi; 


Oii; 


iii; 


iii; 


Oii; 


iiO; 


iiO; 


iii; 


iii; 


(48i) Ouv 


; OuV; 


vOu 


tOu; 


uvO 


, utO; 


QO^ 


QOv; 


OVQ 


, OvQ; 


^QO 


vaO; 


OQV 


; OQv; 


VOO, 


vOll; 


oto 


ttvO; 


uOv, 


uOI^; 


Ovu 


, O^u; 


vuG 


, l^uO; 


(48k) uuv 


; Quv; 


vuu 


; vQu; 


uvu 


; uvQ; 


aat 


; Qu^; 


Q^fl 


; u^ll; 


^Qfl 


; ^Qu; 


ufl^ 


; QOv; 


VuQ 


; vflQ; 


fl^u 


; Qva; 


uflv 


; uuv; 


Qvu 


; u9u; 


vufl 


; tuu; 



(481) 



u, u+i, i 
i, u, u+i 
u+i, i, u 
u+i, u, i 
u, i, u+i 
i, u+i, u 
Q, i-u, f 
i, u, i-u 
i-u, i, fl 
i-u, Q, I 
Q, i, i-u 
i, i-u, Q 



u, i-u, I 
I, u, i-u 
i-u, I, u 

i-u, u, i 

u, i, i-u 
i i-u, u 
Q, u+i, i 
i, % u+i 
u+i, i, a 
u+i, a, i 
Q, i, u+i 
i, u+i, 



fl, u+i, i; 
i, H, u+i; 
u+i, i, Q; 
u+i, Q, i; 
G, i u+i; 
i u+i, Q; 
u, i-u, i; 
i, u, i-u; 
i-u, i. u; 
i-u, u, i; 
u, i, i-u; 
i, i-u, u; 



i, u+i, i-v 
i-v, i, u+i 
u+i, i-v, i 
i-u, i, v+i 
i, v+i, i-u 
v+i, i-u, i 
i, i-u, v+i 
v+i, i, i-u 
i-u, v+i, i 
u+i, i, i-v 
i, i-v, u+i 
i-v, u+i, i 
i-u, u+i, v+i 
v+i, i-u, u+i 
u+i, v+i, i-u 
i-u, u+i, i-v 
u+i, i-v, i-u 
i-v, i-u, u+i 
i-u, i-u, v+i 
v+i, i-u, i-u 
i-u, v+i, i-u 
u+i, u+i, i-v 
u+i, i-v, u+i 

i-v, u+i, u+i 
Q, i-u, i 
i a, i-u 
i-u, i, Q 
i-u, Q, i 
<i, i, i-u 
i, i-u, <i 
u, u+i, i 
i, u, u+i 
u+i, i, u 
u+i u, i 

u, i, u+i 

i, u+i u 
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FORTY-EIGHT Equivauint TosTnoNB.— Continued. 



(48m) uOi; 
iuO; 
OJu; 

i, i-n, 0; 
i~u, 0, i; 
0, i i-u; 

iflO; 
0}Q; 

i, u+i J; 
u+i, i, i; 
i i u+i; 
(48n) u, u+i, i; 
J, u, u+i; 
u+i, i, u; 

u+i i-u, i; 
i u+i, i-u; 
i-u, i, u+i; 
Q, i-u, i; 
i, 0, i-u; 
i-u, i, 11; 
i-u, i-u, I; 
i i-u, i-u; 
i-u, I, i-u; 



u+i, i, i; 
i. u+i, ii 
i, i u+i; 
i. i-u, ii 
i-u, i, i; 
i, i i-u; 
i-u, i, i; 
i, i-u, i; 
i, i, i-u; 
i u+i, 0; 
u+i, 0, i; 
0, i, u+i; 
Q, i-u, i; 
i % i-u; 
i-u, i Q; 
i-u, u+i, i; 
i, i-u, u+i; 
u+i, I, i-u; 
% u+i, f; 
f, Q, u+i; 
u+i, I, Q; 
i-u, u+i, i; 
i, i-u, u+i; 
u+i, i i-u; 



i-u, 0, i; 
i i-u, 0: 
0, i, i-u: 
i, u+i, i 
u+i, i, i; 
i, i, u+i 
uii; 
iui; 
iiu; 

i, i-u, 0; 
i-u, 0, i; 
0, i, i-u; 
u, i-u, f; 
i u, i-u; 
i-u, i, u; 
u+i, u+i, f ; 
f, u+i, u+i; 
u+i, f, u+i; 
u+i, i-u, J; 
i. u+i, i-u; 
I-u, J, u+i; 
u, i-u, I; 
i u, i-u; 
i-u, f, u; 



Qii; 
ioi; 
iiQ; 
i, u+i, 
u+i, 0, i 
0, i, u+i 
u+i, 0, i 
i, u+i, 

0, i, u+i 

i, i-u, i 
i-u, i, i 
i. i i-u 
Q, u+i, i 
i 0, u+i 
u+i, i, a 
i-u, i-u, f 
i i-u, i-u 
i-u, i i-u 
u, u+i, i; 
f, u, u+i; 
u+i, I, u; 
u+i, u+i, 1; 

1, u+i, u+i; 
u+i, I, u+i. 



SIXTY-FOUR Equivalent Positions. 



(64s) uuu; uQQ; Qutl; QQu; 
anil; Quu; uHu; uuQ; 
i-u, i-u, i-u; i-u, u+i, u+i; u+i, i-u, u+i; 

u+i, u+i, i-u; 
u+i, u+i, u+i; u+i, i-u, i-u; i-u, u+i, i-u; 

i-u, i-u, u+i; 
u+i, u+i, u; u+i, i-u, a; i-u, u+i, Q; i-u, i-u, u; 
i-u, i-u, Q; i-u, u+i, u; u+i, i-u, u; u+i, u+i, Q; 
Q, Q, i-u; Q, u, u+i; u, Q, u+i; u, u, i-u; 
u, u, u+i; u, Q, i-u; Q, u, i-u; Q, <1, u+i; 
u+i, u, u+i; u+i, Q, i-u; i-u, u, i-u; i-u, fl, u+i; 
i-u, a, i-u; i-u, u, u+i; u+i, Q, u+i; u+i, u, i-u; 
Q, i-u, Q; Q, u+i, u; u, i-u, u; u, u+i, fl; 
u, u+i, u; u, i-u, Q; tt, u+i, fl; Q, i-u, u; 
u, u+i, u+i; u, i-u, i-u; Q, u+i, i-u; Q, i-u, u+i; 
fl, i-u, i-u; Q, u+i, u+i; u, i-u, u+i; u, u+i, i-u; 
i-u, a, Q; i-u, u, u; u+i, Q, u; u+i, u, Q; 
u+i, u, u; u+i, fl, fl; i-u, u, fl; i-u, Q, u. 
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(64b) uuu; uQQ; Qutl; QQu; 

J-u, i-u, J-u; u+i i-u, u+J; J-u, u+J, u+i; 

u+l, u+i, i-u; 
i-u, i-u, i-u; i-u, u+i, u+i; u+i, i-u, u+i; 

u+i, u+i, i-u; 
u+§, u+i, u+§; §-u, u+§, i-u; u+§, J-u, i-u; 

i-u, i-u, u+i; 
u+i, u+i, u; u+i, i-u, tl; i-u, u+i, Q; i-u, i-u, u; 
i-u, i-u, i-u; u+i, i-u, u+i; i-u, u+i, u+i; 

u+i, u+i, i-u; 
i-u, i-u, i-u; i-u, u+i, u+i; u+i, i-u, u+i; 

u+i, u+i, i-u; 
u, u, u+i; 11, u, i-u; u, fl, i-u; Q, a, u+i; 
u+i, u, u+i; u+i, 11, i-u; i-u, u, i-u; i-u, 11, u+i; 
i-u, i-u, i-u; u+i, i-u, u+i; i-u, u+i, u+i; 

u+i, u+i, i-u; 
i-u, i-u, i-u; i-u, u+i, u+i; u+i, i-u, u+i; 

u+i, u+i, i-u; 
u, u+i, u; Q, u+i, Q; u, i-u, 11; fl, i-u, u; 
u, u+i, u+i; u, i-u, i-u; 11, u+i, i-u; 11, i-u, u+i; 
i-u, i-u, i-u; u+i, i-u, u+i; i-u, u+i, u+i; 

u+i, u+i, i-u; 
i-u, i-u, i-u; i-u, u+i, u+i; u+i, i-u, u+i; 

u+i, u+i, i-u; 
u+i, u, u; i-u, u, a; u+i, Q, tt; i-u, 11, u. 

NINETY-SIX Equivalent Positions. 



(96a) Ouv; 011^ 
vOu; too 
uvO; 11 to 
aot; uOv 
OvQ; Ovu 
tQO; vuO 
i, u+i, v; 
v+i, i, u; 



Out; Ottv; 

tOu; vOtt; 

utO; ttvO; 

aOv; uOt; 

Ovll; Otu; 

vaO; tuO; 

i, i-u, t; i, u+i, t; i, i-u, v; 

i-v, i, Q; i-v, i, u; v+i, i, O; 
u+i, v+i, 0; i-u, i-v, 0; u+i, i-v, 0; i-u, v+i, 0; 
i-u, i, t; u+i, i, v; i-u, i, v; u+i, 0, t; 
i, i-v, 0; i, v+i, u; i, v+i, ii; i, i-v, u; 
i-v, i-u, 0; v+i, u+i, 0; v+i, i-u, 0; i-v, u+i, 0; 
i, u, v+i; i, 0, i-v; i, u, i-v; i. 11, v+i; 
v+i, 0, u+i; i-v, 0, i-u; i-v, 0, u+i; v+i, 0, i-u; 
u+i, V, i; i-u, t, i; u+i, % i; i-u, v, i; 
i-u, 0, i-v; u+i, 0, v+i; i-u, 0, v+i; u+i, 0, i-v; 
i, V. i-u; i, V, u+i; i, v, i-u; i, t, u+i; 
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i-v, 0, §; v+i, u, §; v+i a, |; |-v, u, J; 

0,u+iv+i; 0,§-u,|-v; 0,u+i,|-v; 0, |-u, v+i; 

V, i, u+i; V, J, i-u; V, §, u+i; v, J, i-u; 

«, v+i, §; fl, i-v, i; u, l-v, i; fl, v+i, |; 

11, i I-v; u, i, v+i; fl, i, v+i; u, i, i-v; 

0,i-v,i-u; 0,v+i,u+i; 0, v+i, i-u; 0, i-v,u+i; 

^, §-«. i; V, u+i, i; V, i-u, i; V, u+i, i 



tuQ 

ullv 
Qvu 
vufl 



(96b) uuv; 
vuu; 
uvu; 
tlfll^; 
fl^Q; 
VQQ; 

u+i, u+i, V 
v+i u+i, u 
«+i. v+i, u 
i-u, i-u, If 
i-u, i-v, Q 

i-v, i-u, Q 

u+i, u, v+i 
v+i, u, u+i 

u+i, V, u+i 

i-u, 11, i-v 
i-u, ^, i-u 
i-v, 11, i-u 
u, u+i, v+i 
V, u+i, u+i 
u, v+i, u+i 
0, i-u, i-v 
% i-v, i-u 
^. i-u, i-u 
(96c) uuO; 
Ouu; 
uOu; 

nao; 
aoa; 
oao; 



i-u, i-u, i; 
i. i-u, i-u; 
i-u, i, i-u; 
u+i, u+i, i; 
u+i, i, u+i; 
i, u+i, u+i; 



Hut; tmv 
Vllu; vQll 
uVd; dvfl 
fluv; uuV 
uvQ; utu 
vtlu; ^uu 
u+i, i-u, t 
i-v, u+i, Q 
i-u, i-v, u 

u+i, i-u, V 
i-u, v+i, u 
v+i, u+i, Q 
u+i, 11, i-v 
i-v, u, i-u 
i-u, % u+i 
u+i, fl, v+i 
i-u, V, u+i 
v+i, u, i-u 
u, i-u, i-v 

% u+i, i-u 

fl, i-v, u+i 
u, i-u, v+i 

fl, v+i, u+i 

V, u+i, i-u 
u+i, u, i; 
i, u, u+i; 
u+i, 0, u+i; 
i-u, Q, i; 
i-u, 0, i-u; 
i, Q, i-u; 

Q, i-u, 0; 

0, i-u, Q; 

QiQ; 

u, u+i, 0; 

uiu; 

0, u+i, u; 



i-u, u+i, 1^ 
i-v, i-u, u 
u+i, i-v, fl 
i-u, u+i, V 
u+i, v+i, 
v+i, i-u, u 
i-u, u, i-v 
i-v, Q, u+i 
u+i, V, i-u 
i-u, u, v+i 
u+i, V, i-u 
v+i, Q, u+i 
tl, u+i, i-v 
1^. i-u, u+i 

u, i-v, i-u 

11, u+i, v+i 

u, v+i, i-u 
V, i-u, u+i 
uaO; 



OuQ; 

UOu; 

QuO; 

Oau; 

uOa; 

i-u, u+i, i; 

i, i-u, u+i; 

u+i, i, i-u; 

u+i, i-u, i; 

i, u+i, i-u; 

i-u, i, u+i; 



i-u, i-u, V 
v+i, i-u, Q 
i-u, v+i, Q 
u+i, u+i, 9 
u+i, i-v, u 
i-v, u+i, u 
i-u, a, v+i 
v+i, 11, i-u 
i-u, V, i-u 
u+i, u, i-v 
u+i, ^, u+i 
i-v, u, u+i 
a, i-u, v+i 
V, i-u, i-u 
0, v+i, i-u 
u, u+i, i-v 
u, i-v, u+i 
t, u+i, u+i 

u+i, Q, i; 

i, u, i-u; 

i-u, 0, u+i; 

i-u, u, i; 

i, 11, u+i; 

u+i, 0, i-u; 

11, u+i, 0: 

0, i-u, u; 

uiO; 

u, i-u, 0; 

0, u+i, a; 

aiu; 
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u+i, 


u+i, 0; u, u+i J; 


u+i, i-u. 


0; u, i-u 


i; 


i, u+J, u; 0, u+§, u+i; 


i, u+i, Q; 


0, u+i, i-u; 


u+J. 


i, u; u, i, u+i; 


i-u, i, u; 


fl, i, u+i; 


i-u, 


i-u, 0; Q, i-u, §; 


i-u, u+i, 


0; fl, u+i, i; 


*-u, 


i, Q; a, i i-u; 


i, i-u, u; 


0, i-u, u+i; 


i,h- 


-u, Q; 0, i-u, i-u; 


u+i, i, Q; 


u, i, i-u; 


QQJ; 


i-u, Q, 0; 


Qui; 


i-u, u, 0; 


0. Q, 


i-u; iOQ; 


0, Q, u+i; 


iQu; 


Q, 0, 


i-u; i-u, 0, Q; 


u, 0, i-u; 


u+i, 0, 0; 


uuj; 


u+i, u, 0; 


uai; 


u+i, Q, 0; 


u, 0, 


u+i; u+i, 0, u; 


0, u, i-u; 


iutt; 


0, u, 


u+i; iuu; 


Q, 0, u+i; 


i-u, 0, u. 


(96d)uvi 


i-u, i-v, i 




f. u+i, v; 


i, u, i-v 




iuv 


i, i-u, i-v 




v+i, i u; 


t, i, u+i 




viu; 


i-v, i i-u 




i-u, i, 9; 


Q, i v+i 




i^ai; 


v+i, u+i, i, 




i, i-v, Q; 


i V, i-u 




Qii^; 


u+i, i, v+i 




i, u+i, ^; 


i u, v+i, 




i^Q; 


i v+i, u+i 




i-v, i, u; 


V, i u+i 




u^i 


i-u, v+i, i 




i-u, i v; 


% i, i-v 




JuV; 


i, i-u, v+i> 




i. v+i, a; 


i, ^, i-u 




Vfu, 


v+i, i i-u 




i i-u, v; 


u+i, V, i 




vtlj, 


i-v, u+i, i, 




v+i, i, Q; 


i-v, Q, i 




Qiv, 


u+i, i, i-v 




u+i, }, ^; 


u+i, t, i 




ivtl; 


i, i-v, u+i, 




i, i-v, u; 


v+i, 0, i 




Ovi, 


u+i, i-v, i 




f, i-u, 9; 


i-u, V, i, 




iflv, 


i, u+i, i-v 




i-v, 1, Q; 


i-v. u, i 




via 


i-v, 1, u+i 




u+i, i, v; 


i-u, % i 




vui 


v+i, i-u, i 




i, v+i, u; 


v+i, u, i 




uiv 


i-u, i v+i 




i Q, i-v; 


0, i-v, i 




i^u 


; i, v+i, i-u 




^, i, i-u; 


V, u+i, i 




QA^i 


u+i, v+i, i 




u, J, v+i; 


Q, v+i, i 




iQt 


i, u+i. v+i 




i, V, u+i; 


% u+i, i 




ifia, 


v+i, i, u+i 




i, a, v+i; 


u, i-v, i 




vul, 


i-v, i-u, i 




V, i, i-u; 


V, i-u, i 




ufv, 


i-u, i i-v 




u, i, i-v; 


u, v+i, i 




f vu, 


i, i-v, i-u 




i ^, u+i; 


a, i-u, i. 


(96e) uuv 


; ufll?; Qu^; QQv 






vuu 


; T^uQ; ^flu; vQQ 






uvu 


; ilvu; u^Q; QvQ 






i-u, 


i-u, i-v; u+i, J- 


-u, v+i; i 


-u, u+i, v+i; 
u+i. u+i, i-v; 


i-u, 


J-v, i-u; i-u, v+i, u+i; u 


+i, v+i, i-u; 










u+i, i-v. 


u+i; 
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i-v, i-u, i-u; v+i, u+i, i-u; v+i, i-u, u+i; 

i-v, u+i, u+i; 
u+i, u+i v; u+i, i-u, v; i-u, u+i, 1^; i-u, i-u, v; 
v+i, u+i, u; i-v, u+i, a; i-v, i-u, u; v+i, i-u, u; 
u+i, v+i, u; i-u, i-v, u; u+i, i-v, u; i-u, v+i, Q; 
i-u, i-u, i-v; u+i, i-u, v+i; i-u, u+i v+i; 

u+i, u+i, i-v; 
i-u, i-v, i-u; i-u, v+i, u+i; u+i, v+i, i-u; 

u+i, i-v, u+i; 
i-v, i-u, i-u; v+i, u+i, i-u; v+i, i-u, u+i; 

i-v, u+i, u+i; 
u+i, u, v+i; u+i, Q, i-v; i-u, u, i-v; i-u, u, v+i; 
v+i, u, u+i; i-v, u, i-u; i-v, u, u+i; v+i, a, i-u; 
u+i, V, u+i; i-u, ^, u+i; u+i, v, i-u; i-u, v, i-u; 
i-u, i-u, i-v; u+i, i-u, v+i; i-u, u+i, v+i; 

u+i, u+i, i-v; 
i-u, i-v, i-u; i-u, v+i, u+i; u+i v+i i-u; 

u+i i-v, u+i; 
i-v, i-u, i-u; v+i u+i i-u; v+i i-u, u+i; 

i-v, u+i u+i; 
u, u+i, v+i; u, i-u, i-v; a, u+i, i-v; a, i-u, v+i; 
V, u+i, u+i; ^, u+i, i-u; v, i-u, u+i; v, i-u, i-u; 
u, v+i, u+i; G, i-v, u+i; u, i-v, i-u; u, v+i, i-u; 
i-u, i-u, i-v; u+i i-u, v+i; i-u, u+i v+i; 

u+i u+i i-v; 
i-u, i-v, i-u; i-u, v+i u+i; u+i v+i i-u; 

u+i i-v, u+i; 
i-v, i-u, i-u; v+i u+i i-u; v+i i-u, u+i; 

i-v, u+i u+i 
(96f) u, i-u, i; u, u+i I; u, i-u, f; Q, u+i i; 
i u, i-u; i u, u+i; i u, i-u; i u, u+i; 
i-u, i u; u+i i u; i-u, J, a; u+i i u; 
u+i, i-u, J; u+i, u+i J; i-u, i-u, i; i-u, u+i i; 
i u+i, i-u; i u+i, u+i; I, i-u, i-u; i i-u, u+i; 
i-u, i u; u+i i u; i-u, i a; u+i, i a; 
u+i, i-u, f ; u+i, u+i I; i-u, i-u, f; i-u, u+i |; 
i u, i-u; i u, u+i; i Q, i-u; i a, u+i; 
i-u, i u+i; u+i i u+i; i-u, i i-u; u+i i i-u; 
u, i-u, I; u, u+i, i; G, i-u, f ; Q. u+i |; 
i u+i, i-u; i, u+i, u+i; i i-u, i-u; i i-u, u+i; 
i-u, i u+i; u+i i u+i; i-u, i i-u; u+i i i-u; 
i-u, u, i; u+i u, J; i-u, u, f; u+i u, i; 
u, i, i-u; u, J, u+i; Q, f i-u; u. i u+i; 
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i, i-u, u; 
i-u, u+i, i; 
u+i I, i-u; 
f, }-u, u; 
J-u, u+i I; 

f-u, u, I; 
u+J, i i-u; 
I, i-u, u+J; 
(96g) uOO; 
aOO; 
OuO; 
OHO; 
OOu; 
OOQ; 
i i-u, 

i-u, i 

i i, u+ 
l-u. i 
u+i, i 
i, }-u, 
i u+i 

i i i- 

i, f, u+ 

i, u+i, 
i i-u, 
u+i i 
i-u, i 
i i u+ 
i i J-u 
(96h) u, J-u, i 
i u, i-u 
i-u, i u 

u+i i-u, i; 
i u+i i-u; 
i-u, i u 
u+i i-u, f ; 
i u, i-u 
i-u, i u+i; 



i u+i, u; 
u+i u+i I; 
u+i i u+i; 
i u+i, u; 
u+i u+i I; 
u, i u+i; 
i u+i, u+i; 
u+i, u, i; 
u+i i u+i; 
i u+i u+i; 
u+i i 0; 
i-u, i 0; 
i u+i 0; 
i i-u, 0; 
iiu; 
iiQ; 
i i-u, i; 

f, u+i i; 
i-u, i i; 
u+i i i; 
i i i-u; 
i i, u+i; 
i-u, i i; 
u+i i i; 
1, i-u, i; 
i u+i i; 
i, i i-u; 
i i, u+i; 
Oui; 
OQi; 
uOi; 

aoi; 

0, 0, u+i; 
0, 0, i-u; 
u, u+i I; 
i u, u+i; 
u+i i u; 
u+i u+i i; 
i u+i, u+i; 
u+i i u; 
u+i u+i I; 
i u, u+i; 
u+i i u+i; 



, i-u, 11; 

u, i-u, i; 

u, i i-u; 
, i-u, Q; 
-u, i-u, i; 
, f, i-u; 
, i-u, i-u; 
-u, fl, I; 
-u, i i-u; 
, i-u, i-u; 
+i, 0, i; 
-u, 0, i; 
ui; 
ai; 

, 0, u+i; 

, 0, i-u; 

, i-u, i; 

, u+i i; 

-u, i i; 

+i i i; 

. i i-u; 

, i u+i; 

-u, i i; 

+i i i; 

, i-u, i; 

, u+i i; 

, i i-u; 

, i u+i; 
0, u+i, 0; 
0, i-u, 0; 
uiO; 
QiO; 
Oiu; 
Oia; 

% i-u, i; 
i a, i-u; 
i-u, i Q; 
i-u, i-u, i; 
i i-u, i-u; 
i-u, i 0; 
i-u, i-u, i; 
i a, i-u; 
i-u, i i-u; 



i u+i a; 
u+i i-u, i; 
i-u, i u+i; 
i u+i fl; 
u+i i-u, I; 
% i u+i; 
i u+i, i-u; 
u+i, Q, I; 
i-u, i u+i; 
I, u+i, i-u. 
uii; 
flii; 

0, u+i, i; 
0, i-u, i; 
0, i u+i; 
0, i J-u; 
i i-u, i; 
i u+i i; 
i-u, i i; 
u+i i i; 
i i i-u; 
i i u+i; 
i-u, i i; 
u+i i, J; 
i i-u, J; 
i u+i i; 
i i i-u; 
i i u+i; 
iuO; 
iQO; 

u+i, 0, 0; 
i-u, 0, 0; 
iOu; 
iOfl; 

a, u+i J; 
i fl, u+J; 
u+i i Q; 
i-u, u+i J; 
i i-u, u+i: 
u+i i Q; 
i-u, u+i {; 
i % u+J; 
u+J, J, i-u; 
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NINETY-SIX Equivalbnt Poanom.— Continued. 



«, 1-u, I; 

i-u, i u+J; 
f-u, u+i I; 

I, f-u, u+i; 
i-u, u, I; 
«, i 1-u; 
i i-u, u+J; 
}-u, u, i; 

u+i i i-u; 
I, i-u, u; 
i-u, u+i, i; 

u, i i-u; 
i, }-u, u; 



u, u+i, I; 
iu+i,u+i 
u+i I, u+i 
u+i, u+i, I 
u+i, I, u+i 
i, u+i, u+i 
u+i u, f ; 
u, i, u+i; 
i u+i u+i; 
u+i, u, }; 
u+i, I, u+i; 
i u+i u; 
u+i u+i, I; 
u, i u+i; 
i, u+i u; 



a, i-u, I; 
i, i-u, i-u; 
i-u, i i-u; 
f-u, i-u, f ; 
i-u, i f-u; 
i f-u, i-u; 
i-u, u, i; 
% h f-u; 
i, i-u, i-u; 
f-u, fl, f ; 
i-u, I, i-u; 
i i-u, 11; 
i-u, i-u, I; 
0, i i-u; 
i f-u, Q; 



H, u+i I; 

i, i-u, u+i; 
u+i i i-u; 
u+i i-u, I: 
i-u, i u+i; 
i u+i i-u; 
u+i 11, I; 
% i u+i; 
i u+i i-u; 
u+i a, i; 
i-u, i u+f ; 
i u+i a; 
u+i i-u, i; 
fH, i u+f; 
i u+i a; 



A. TETARTOHEDRY. 
Spacb-Gboup T. 

One equivalent position: 

(a) la. (b) lb. 

Three equivalent podtioDs: 
(o) 3a. (d) 3b. 

Fow equivalent positions: 

(e) 4a. 

Six equivalent positions: 

(f) 6a. (h) 6c. 

(g) 6b. (i) 6d. 

Tvdoe equivalent positions: 
(j) jyt; 3^; Xy«; xy»; 
fflty; ftcy; «Xy; rty; 
yn; ysx; y«; yzX. 

Spacd-Gboup T*. 

Four equivalent positions: 

(a) 4b. (c) 4d. 

(b) 4c. (d) 4e. 

Sixteen equivalent positions: 

(e) 16a. 

Twenty-fow equivalent positions: 

(f) 24a. (g) 24b. 
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Space-Gboxtp T* (coniintied). 

Forty-eight equivalent positions: 

(h) xyz; xy2; Xy5; xfz; 

zxy; 2xy; zXy; zsy; 

yzx; yzx; yax; yzx; 

x+iy+iz; x+J, i-y, z; J-x, y+J, z; i-x, i-y, z; 

a+i, x+J,y; J-z,x+J, y; J-z, i-x, y; z+J, J-x, y; 

y+i a+i, x; i-y, J-z, x; y+i, i-z, X; J-y, z+J, x; 

x+i, y, z+i; x+i, y, i-z; J-x, y, J-z; J-x, y, z+i; 

z+J, X, y+i; i-z, X, J-y; J-z, S, y+J; z+J, x, J-y; 

y+i, z, x+J; J-y, z, x+J; y+i, z, i-x; J-y, z, J-x; 

X, y+i, z+i; x, J-y, J-z; X, y+J, J-z; x, J-y, z+J; 

2, x+J, y+J; 2, x+iJ-y; 2, J-x, y+J; z, J-x, J-y; 

y, z+J, x+J; y, i-z, x+J; y, J-z, J-x; y, z+J, J-x. 

Spacb-Gboup T*. 

Two equivalent positions: 

(a) 2a. 

Six equivalent positions: 

(b) 6e. 

Eight equivalent positions: 

(c) 8a. 

Twdue equivalent positions: 

(d) 12a. (e) 12b. 

Ttoenty-four equivalent positions: 

(f) xyz; xyz; Xy5; xyz; 
zxy; zxy; 2Xy; zsy; 
yzx; yzx; yzX; yzX; 
x+J, y+J, z+J; x+J, J-y, i-z; i-x, y+J, i-z; 

J-x, J-y, z+i; 
z+i, x+i y+J; J-z, x+J, J-y; J-z, J-x, y+J; 

z+i, J-x, i-y; 
y+i, z+i, x+J; J-y, J-z, x+i; y+J, J-z, i-x; 

J-y, z+j, i-x. 

Spacb-Gboxtp T*. 

Four equivalent positions: 

(a)4f. 

Twelve equivalent positions: 

(b) xyz; x+J, J-y, z; X, y+i, J-z; J-x, y, z+J; 
zxy; 2, x+J, J-y; J-z, x, y+i; z+J, J-x, y; 
yzx; J-y, i, x+i; y+J, i-z, x; y, z+J, i-x. 
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Space-Gboup T*. 

Eight equivalent pcNsitaons: 

(a) 8b. 

Twelve equivalent positions: 

(b) 12c. 

Twerdy^fouT equivalent positions: 

(c) xyz; X, y, i-z; J-x, y, z; X, J-y, z; 
zxy; i-z, X, y; z, J-x, y; z, x, J-y; 
yzx; y, J-z, x; y, z, J-x; J-y, z, X; 
x+i, y+i, z+i; x+J, J-y, z; S, y+i i-z; 

i-x, y, z+i; 
z+i x+i y+i; 2, x+i i-y; J-z, X, y+i; 

z+J, i-x, y; 
y+i z+i, x+J; i-y, z, x+J; y+J, i-z, x; 

y, z+J, i-x. 

B. PARAMORPHIC HEMIHEDRY. 

Space-Gboup TJ. 

One equivalent position: 

(a) la. (b) lb. 

Three equivalent positions: 

(c) 3a. (d) 3b. 

Six equivalent positions: 

(e) 6a. (g) 6c. 

(f) 6b. (h) 6d. 
EigU equivalent positions: 

(i) 8c. 
Tweioe equivalent positions: 
(j) 12d. (k) 12e. 

Twenty-four equivalent positions: 
(1) xyz; xyg; Xy2; Syz; 



zxy; gxy; iXy; 


zxy; 


yzx; y^x; ySX; 


yzx; 


5cyz; Xyz; xyz; 


xyf; 


2Sy; zxy; zxy; 


2xy; 


yzX; yzX; yzx; 


yfe. 


Spacb-Gboxtp Ti. 




Two equivalent positions: 




(a) 2a. 




Four equivalent positions: 




(b) 4d. (c) 4e. 





Digitized by 



Google 



124 



THE CUBIC SPACE-GROUPS tJ-T{. 



Space Gboup TS (carUinued). 
Six equivalent positioDB: 

(d) 6e. 

Eight equivalent positions: 

(e) 8d. 

Twelve equivalent positions: 

(f) 12a. (g) 12b. 
Ttoenty-four equivalent positions: 

(h) xyz; 



^S; 


^; 


xyz; 


2xy; 


Ky; 


«y; 


y2x; 


y2X;. 


y«x; 



yra; 

i-x, i-y, i-»; §-x, y+J, 

J-a, J-x, J-y; z+J, J-x, 

i-y, *-«, i-x; y+J. «+i 

Spacb-Gbottp Tk. 

Fotir equivalent positions: 

(a) 4b. (b) 4c. 

Eight equivalent positiona: 

(c) 8e. 

Tvoenty-four equivalent poeitiona: 

(d) 24c. (e) 24a. 
Tkirty4wo equivalent positions: 

(f) 32a. 

Forty-eight equivalent positions: 

(g) 48a. (h) 48b. 
Ninety-six equivalent positions: 

(i) xys; xy2; Xy2; 



»+i; x+J, i-y, z+i; 

x+i, y+i i-s; 

y+i; «+i ^+h, i-y; 

i-z, x+J, y+i; 

l-x; i-y, »+i. x+i; 

y+i, i-z» x+f 



zxy; 
yzx; 
xyj; 



2xy; 
y8x; 
Xyz; 
zXy; 
yzx; 



8xy; 
yK; 

xyz; 
zxy; 
yzx; 



xyz; 
zxy; 

yrt; 
xy2; 
Sxy; 
y2x; 



x+i y+isi; x+ii-y, 8; 

a+i x+iy; §-s, x+iy; 

y+i, 2+i,x; J-y, l-z, x; 

^-x, i-y, 2; §-x, y+l, z; 

J-z, i-x, y; z+i, i-x, y; 

i-y, i-z,X; y+l, z+i,X; 



i-x, y+J, 8 
i-z, i-x, y 

y+i i-z, X 
x+i, i-y. s 
2+1. x+i y 
i-y, «+i X 



i-x, J-y, z; 
«+i §-x, y; 
i-y, »+i X; 
x+i y+i 2; 
i-z, x+i y; 
y+i J-«, x; 
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Spacb-Gboup T{ {eomUnuei). 

x+i, y, »+i; x+iy, i-z; 

2+i X, y+i; i-«, X, i-y; 

y+J, z, x+J; §-y, 2, x+i; 

i-x,y, J-z; i-x,y, z+i; 

i-z,X, i-y; z+i X,y+i; 

i-y. z>i-x; y+iz, i-x; 

X, y+i, z+i; X, i-y, J-z; 
«, x+iy+i; 2, x+i i-y; 
y, z+ix+i; y, i-z, x+i; 

X, J-y, i-a; X, y+i«+§; 

2, §-x, i-y; z, J-x, y+J; 
y, i-a, i-x; y, z+i i-x; 

Spacb-Gboitp TJ. 

Eight equivalent positions: 

(a) 8f . (b) 8g. 

Sixteen equivalent positions: 

(c) 16b. (d) 16c. 

Thxrty-iiwo equivalent positions: 

(e) 32b. 

Forty-eight equivalent positions: 

(f) 48c. 

Ninety-tix equivalent positions: 

(g) xyz; xy2; Xy2; xyz; 
zjqr; gj^; My; zXy; 
yzx; y2x; y2X; yzX; 
x+i, y+i«; x+i|-y, z; 
»+ix+J, y; i-z, x+iy; 
y+i»+i x; i-y, i-z, x; 

x+iy, «+i; x+i, y, |-z; 

»+ix,y+i; i-z, X, i-y; 

y+J, z, x+i; l-y, 2, x+i; 

x,y+|, a+i; X, J-y, J-z; 

a,x+iy+i; 2, x+i i-y; 

y, z+J, x+i; y, |-z,x+i; 
i-x, i-y, i-z; J-x, y+i 

1-z, i-x, i-y; z+i, i-x, 

i-y, i-z, i-x; y+i, z+i, 

1-x, 1-y, i-z; i-x, y+i 



i-x, y, i-z 
i-z, X, y+i 
y+i. 2, i-x 
x+i, y, z+i 

z+i, X, i-y 
i-y, z, x+f 
X, y+i, i-z 
2, i-x, y+i 
y, i-z, i-x 
X, i-y, z+i 
z, x+i, i-y 
y, z+i, x+i 



i-x, y, z+i; 
z+i, X, i-y; 
i-y, z, i-x; 
x+i, y, i-z; 
i-z, X, y+i; 
y+i, 2, x+i; 
X, i-y, z+i; 
z, i-x, i-y; 
y, z+i, i-x; 

X, y+i, i-z; 

2, x+i, y+i; 
y, i-z, x+i. 



i-x, y+i, 2; i-x, i-y, z; 
i-z, i-x, y; z+i, i-x, y; 
y+iii-z, x; i-y, z+i, X; 
i-x, y, i-z; i-x, y, z+i; 
i-z, X, y+i; z+i, X, i-y; 
y+i, 2, i-x; i-y, z, i-x; 
X, y+i, i-z; X, i-y, z+i; 
2, i-x, y+i; z, i-x, i-y; 
y, i-z, i-x; y, z+i, i-x; 
z+i; x+i, i-y, z+i; 

x+i, y+i, i-z 

y+i; z+i, x+i, i-y; 

i-z, x+i, y+i 
i-x; i-y, z+i, x+i; 

y+i. i-z, x+i 

z+i; x+i, i-y, z+i; 

x+i y+i i-z 
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Space-Gboup Tt (corUinved). 

}-z, i-x, i-y; z+i i-x, y+i; z+i x+i 1-y; 

i-z, x+i, y+i; 
}-y, 1-z, i-x; y+i z+i, i-x; i-y, z+i x+i; 

y+i i-z. x+i; 
i-x, i-y, i-z; J-x, y+i z+f; x+i i-y, a+i; 

x+i y+i i-z; 
i-z, i-x, i-y; z+i i-x, y+f; z+i x+i f-y; 

l-z, x+i y+i; 
i-y, i-z, f-x; y+i z+i i-x; i-y, z+i x+i; 

y+i i-z, x+i; 
i-x, i-y, i-z; i-x, y+i z+i; x+i i-y, z+i; 

x+i y+i i-z; 
i-z, i-x, i-y; z+i i-x, y+i; z+i x+i i-y; 

i-z, x+i y+i; 
i-y, i-z, i-x; y+i z+i i-x; i-y, z+i x+i; 

y+i i-z, x+i 
Space-Gbotjp TJ. 

Two equivalent positions: 

(a) 2a. 

Six equivalent positions: 

(b) 6e. 

Eight equivalent positions: 

(c) 8e. 

Twehe equivalent positions: 

(d) 12a. (e) 12b. 
Sixteen equivalent positions: 

(f) 16d. 

Twenty-four equivalent positions: 

(g) 24d. 

Forty-eight equivalent positions: 

(h) xyz; x^z; Xy«; Xyz; 
zxy; 2xy; zxy; zxy; 
yzx; yzx; y8x; yzX; 
5cy2; Xyz; xyz; xyz; 
zXy; zXy; zxy; 2xy; 
ygX; yzX; yzx; yix; 
x+i y+i z+i; x+i i-y, §-z; §-x, y+i i-z; 

i-x, i-y, z+i; 
z+i x+i y+i; i-z, x+i i-y; i-z, i-x, y+i; 

z+i i-x, i-y; 
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Spacb-Gboup Tt (continued). 

y+i, z+J, x+i; J-y, J-z, s;+J; y+J, i-z, J--x; 

i-y, z+J, i-x; 

4-x, i-y, i-z; J-x, y+i, z+i; x+J, J-y, z+J; 

x+i, y+i 4-z; 
i-z, i-x, i-y; z+i, i-x, y+i; z+i, x+J, J-y; 

J-z, x+J, y+i; 
i-y, i-z, J-x; y+J, z+i, J-x; i-y, z+i x+i; 

y+h i-z, x+i 
Spacb-Gboup TJ. 

Four equivalent poeitioDs: 

(a) 4b. (b) 4c. 

£t^Al equivalent positions: 

(c) 8h. 

TwenJty-four equivalent positions: 

(d) xyz; x+J, J-y, z; x, y+i, J-z; J-x, y, z+J; 
zxy; 2, x+i, J-y; J-z, x, y+J; z+J, J-x, y; 
yzx; J-y, z, x+J; y+J, i-z, x; y, z+i, J-x; 
xyz; i-x, y+J, z; x, J-y, z+i; x+i, y, i-z; 
zxy; z, i-x, y+i; z+i, x, i-y; i-z, x+i, y; 
y5x; y+i, z, i-x; i-y, z+i, x; y, i-z, x+i 

Space-Gboup Ti[. 

Eight equivalent positions: 
(a) 8i. (b) 8e. 

Sixteen equivalent positions: 

(c) 16e. 

Twenty-four equivalent positions: 

(d) 24e. 

Forty-eight equivalent positions: 

(e) xyz; x, y, i-z; i-x, y, 2; x, i-y, z; 
zxy; i-z, X, y; z, i-x, y; z, X, i-y; 
yzx; y, i-z, x; y, z, i-x; i-y, z, x; 
xyg; X, y, z+i; x+i, y, z; x, y+i, z; 
zxy; z+i, X, y; z, x+i, y; i, x, y+i; 
yzx; y, z+i, x; y, z, x+i; y+i, z, x; 
x+i, y+i, z+i; x+i, i-y, z; x, y+i, i-z; 

i-x. y, z+i; 
z+i, x+i, y+i; z, x+i, i-y; i-z, X, y+i; 

z+i, i-x, y; 
y+i, z+i, x+i; i-y, 2, x+i; y+i, i-z, X; 

y, z+i, i-x; 
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Spacb-Gbottp Tk ieonUnued). 

i-x, J-y, i-»; i-x, y+i «; x, i-y, «+i; 

x+i y, J-«; 

i-z, i-x, J-y; a, |-x, y+i; «+i x, |-y; 

i-«, x+i, y; 
i-y, i-», l-x; y+i, «, i-x; J-y, z+i x; 

y, i-«, x+f 

C. HEMIMORPHIC HEMIHEDRY. 
Spacb-Gboup Ti. 

One equivalent position: 

(a) la. (b) lb. 

TAr«e equivalent poeitions: 
(c) 3a. (d) 3b. 

Fotir equivalent positions: 

(e) 4a. 

Six equivalent positions: 

(f) 6a. (g) 6d. 
Twelve equivalent positions: 

(h) 12f. (i) 12g. 

Tweniy-fovr equivalent positions: 

Q) xyz; xyS; Xy«; xyz; 

zxy; fxy; Ky; zxy; 

yzx; yfcc; yK; y«X; 

yxz; yx8; y5a; yxz; 

xzy; xsy; My; Xzy; 

zyx; 2yx; 8y*; ?ys; 

Spacb-Gboup T«. 

Four equivalent positions: 

(a) 4b. (c) 4d. 

(b) 4c. (d) 4e. 

Sixteen equivalent positions: 

(e) 16a. 

Twenty-four equivalent positions: 

(f) 24a. (g) 24b. 
Forty-eight equivalent positions: 

(h) 48d. 
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Space-Gboup Td (oonHnued). 

Ninety-six equivalent podtionfl: 



(i) xyz; xy8; 


Xyi; xyz 






ocy; 2xy; 


2Sy; zXy 






yra; ySx; 


y2X; yaX 






yxz; yx2; 


yXz; yxz 






Msy; xsy; 


Xzy; tz9 






zyx; syx; 


8yX; zyx 






x+i y+i z 


; x+ii-y,2; 


i-x, y+i S 


; i-x, i-y, z 


a+i, x+i y 


; i-a,x+iy; 


i-z, i-x, y 


; a+ii-x,y 


y+i a+i X 


; 4-y,i-2,x; 


y+i i-z, X 


; i-y,z+ix 


y+i, x+l, z 


; i-y,x+i2; 


y+i i-x, 5 


; i-y, i-x, z 


x+i a+i. y 


; x+ii-z,y; 


i-x, i-z, y 


; i-x,z+iy 


»+i y+i X 


; i-z,i-y, x; 


i-z, y+i X 


; «+ii-y,x 


x+i.y,»+i 


; x+iy,i-z; 


i-x, y, i-z 


; i-x,y,z+i 


»!+i»x,y+i 


; i-z,x,i-y; 


i-«, X, y+i 


; "+iX,i-y 


y+i, «, x+J 


; i-y,».x+i; 


y+i 2, i-x 


; i-y, «, i-x 


y+i X, a+J 


; i-y.x,i-z; 


y+i X, i-z 


; i-y,x,a+i 


x+i », y+i 


; x+iS,i-y; 


i-x, 2, y+i 


; i-x, z, i-y 


2+i y, x+i 


; i-z,y,x+i; 


i-«, y, i-x 


; «+iy,i-x 


X, y+i 2+i 


; X, i-y, i-z; 


X, y+i i-z 


; X,i-y,z+i 


», x+i y+i 


; «, x+i i-y; 


2, i-x, y+i 


; z, i-x, i-y 


y, J!+i x+i, 


. y,i-«,x+i; 


y, i-«. i-x, 


S, «+i i-x, 


y, x+i z+h 


S. x+i i-z; 


y, i-x, i-z. 


y. i-x, z+i. 


X, *+i y+i, 


X, i-z, i-y; 


X, i-z, y+i; 


X, z+i i-y. 


«. y+i x+i; 


2, i-y, x+i; 


2, y+i i-x. 


«, i-y, i-x. 


Spacx-Gboup TJ. 








Two equivatent positic 


>n8: 






(a) 2a. 








Six equivalent positioi 


is: 






(b)6e. 








Eight equivalent positi 


ons: 






(c)8a. 








Tweibe equivalent pod 


tions: 






(d) 12h. 


(e) 12a. 






Twenty-four equivalent 


t podtionB: 






(f) 24f. C 


K)24g. 






Forty-eight equivalent 


pootions: 






(h) xy«; xp; 


Xy«; xyz, 






Kxy; Sxy; 


2Xy; zxy, 






y«; y«x; 


yM; y«x, 






yxz; yx8; 


yXS; yxz, 






xzy; xsy; 


Xzy; Xzy, 






«yx; ayx; 


2yX; zyx; 
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Space-Gboup Tj (continued). 

x+i, y+i, z+i; x+i, J-y, i-z; J-x, y+J, J-z; 

J~x, J-y, z+J; 
z+i x+J, y+i; J-z, x+J, J-y; J-z, J-x, y+J; 

z+i J-x, J-y; 
y+i, z+i x+J; i-y, i-z, x+J; y+i, i-z, i-x; 

J-yi z+i, i-x; 

y+i, x+i, z+J; J-y, x+J, i-z; y+i J-x, J-z; 

J-y, i-x, z+J; 
x+i, z+i, y+J; x+J, J-z, i-y; J-x, i-z, y+J; 

J-x, z+i i-y; 
z+i, y+i, x+J; J-z, i-y, x+J; i-z, y+J, J-x; 

2+i, i-yi J-x; 
Space-Gboup TJ. 

Ttoo equivalent positions: 

(a) 2a. 

Six equivalent positions: 

(b) 6e. (d) 6g. 

(c) 6f . 

Eight equivalent positions: 

(e) 8a. 

Twelve equivalent positions: 

(f) 12a. (h) 12j. 

(g) 12i. 

Ttoenty-four equivalent positions: 

(i) xyz; xyz; Xyz; syz; 
ixy; 2xy; zxy; zXy; 
yzx; yzx; yzS; yzX; 
y+i x+i z+i; J-y, x+i i-z; y+i, J-x, J-z; 

J-y, i-x, z+i; 
x+i, z+i y+i; x+i, i-z, i-y; i-x, i-z, y+i; 

i-x, z+i, i-y; 
z+i, y+i, x+i; i-z, i-y, x+i; i-z, y+i, i-x; 

z+i, i-y, i-x. 
Spacb-Gboxtp TJ. 

EigM equivalent positions: 

(a) 8i. (b) 8e. 

Twenty-four equivalent positions: 

(c) 24c. (d) 24h. 

Thirty-two equivalent positions: 

(e) 32c. 
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Spacb-Gboup TS (continued). 

Forty-eight equivalent positions: 

(f) 48e. (g) 48a. 

Ninety-tix equivalent positions: 
(h) xyz; xyf; Syf; 
zxy; gxy; gXy; 
yzx; fix; y«; 



xyz 

ftSL 



y+h x+i, z+\; J-yf x+i J-z; y+i i-x, §-z; 

i-y, i-x, z+i; 

x+i, z+i, y+J; x+i J-2, i-y; l-x, i-z, y+i; 

J-x, z+i i-y; 
"+i y+i, x+i; *-«, i-y, x+f; i-z, y+i i-x; 

«+i i-y, l-x; 
x+§,y+i, z; x+ii-y, g; i-x,y+i2; h-x,\-y,s; 
«+§, x+i y; i-z, x+iy; i-z, f-x, y; z+i J-x, y; 
y+i «+i x; i-y, J-z, x; y+i|-z, X; J-y, z+i X; 
y, X, z+i; y, X, i-z; y, X, |-z; y, X, z+f; 
X, «, y+l; X, 2, §-y; X, 2, y+f; X, z, J-y; 
», y. x+i; 2, y, x+i; 2, y, i-x; z, y, i-x; 
x+i y, z+§; x+J, y. l-z; |-x, y, J-z; §-x, y, z+J; 
»+i X, y+J; i-z, X, i-y; i-z, X, y+J; z+§, X i-y; 
y+i, 2, x+J; I-y, 2, x+|; y+i, 2, i-x; i-y, z, i-x; 
y, x+i, z; y, x+i, 2; y, i-x, 2; y, i-x, z; 
X, a+i, y; x, i-z, y; X, i-z, y; X, z+i, y; 
«, y+i, x; 2, i-y, x; 2, y+i, X; z, i-y, X; 

X, y+i, z+i; X, i-y, i-z; X, y+i, i-z; X, i-y, z+i; 
z, x+i, y+i; 2, x+i, i-y; 2, i-x, y+i; z, i-x, i-y; 
y, z+i, x+i; y, i-z, x+i; y, i-z, i-x; y, z+i, i-x; 
y+i, X, z; i-y, x, 2; y+i, X, 2; i-y, X, z; 



x+i, z, y; x+i, 2, y; i-x, 2, y; 
2+i, y, x; i-z, y, x; i-z, y, x; 

Space-Gboup TJ. 

Twdve equivalent positions: 

(a) 12k. (b) 121. 

Sixteen equivalent positions: 

(c) 16f. 

Ttveniy-four equivalent positions: 

(d) 24i. 

Forty-eight equivalent positions: 

(e) xyz; x, y, i-z; i-x, y, 2; X, i-y, z; 
zxy; i-z, X, y; 2, i-x, y; z, X, i-y; 
yzx; y, i-«, x; y, 2, i-x; i-y, z, X; 



i-x, z, y; 
2+i, % X. 
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Spacb-Gboxjp TS {fionUmiei). 

y+i x+i «+i; i-y. x+i. l-«; y+i f-x. i-«; 

f-y, i-x, a+}; 
x+i a+i, y+i; x+i, f-z, i-y; \-x, i-z, y+i; 

i-x, a+i, i-y; 
a+i, y+i x+i; i-z, i-y, x+i; i-a, y+i, i-x; 

a+i, i-y, i-x; 
x+i, y+i, a+i; x+i, i-y, 2; X, y+§, i-a; 

i-x, y, z+i; 
a+i, x+i, y+i; 2, x+i, i-y; i-z, X, y+i; 

a+i, i-x, y; 
y+i, a+i, x+i; i-y, «, x+i; y+i, i-a, X; 

S, a+i, i-x ; 
y+i, x+i, a+i; i-y, x+i, i-z; y+i, i-x, i-a; 

i-y, i-x, a+i; 
x+i, a+i, y+i; x+i, i-a, i-y; i-x, i-z, y+i; 

i-x, z+i, i-y; 
a+i, y+i, x+i; i-a, i-y, x+i; i-z, y+i, i-x; 

a+i, i-y,i-x. 

D. ENANTIOMORPHIC HEMIHEDRY. 

Spacb-Gbovp 0*. 

One equivalent podtion: 

(a) la. (b) lb. 

Three equivalent positions: 
(c) 3a. (d) 3b. 

Six equivalent positions: 

(e) 6a. (g) 6c. 

(f) 6b. (h) 6d. 

Eight equivalent positions: 

(i) 8c. 
Tvodoe equivalent podtions: 

(j) 12m. (k) 12n. 

Twenty-four equivalent positions: 

(1) xyz; 7^; Xy2; xyz; 

zxy; 8xy; «y; zxy; 

yzx; ySx; yK; yzX; 

ya; ySz; yxz; yx«; 

say; Xzy; xay; rfy; 

syx; zyX; x;^; 8yx. 
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Spacb-Gboup O*. 

Two equivalent podtions: 

(a) 2a. 

Four equivalent positions: 

(b) 4<i. (o) 4e. 
Six equivalent podtiona: 

(d) 6e. (f) 6g. 

(e) ef. 

Eight equivalent podtions: 

(g) 8d. 
Tvodn equivalent podtions: 

(h) 12a. (k) 12o. 

a) 12i. a) 12p. 

a)12i. 
Twenty-four equivalent podtions: 



(m) xyz 
sxy 



xyg; 



«y; 

y«; 



xyz 



i-y, i-x. i-z; 
i-x, i-«, i-y; 
i-»» i-yi i-x; 



y+i §-x, a+i; i-y, x+J, z+§; 

y+i x+i i-a; 

i-x, s+i y+J; x+i s+§, J-y; 

x+i !-«» y+i; 
2+i, y+i» J-x; a+i i-y, x+l; 

i-x, y+i x+J. 



Spacb-Gboup O*. 

Four equivalent podtions: 

(a) 4b. (b) 4c. 

Eight equivalent podtions: 

(o) 8e. 
Twenty-four equivalent podtions: 

(d) 24c. (e) 24a. 

Thirty4wo equivalent podtions: 

(f) 32a. 

Forty-eight equivalent podtions: 

(g) 48f. (i) 48a. 
(h)48g. 
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Space-Group O' (ccmHnued)^ 

Ninety-six equivalent positions: 



Q) xyz; xyZ; 


xy«; 


xyz 






zxy; ftcy; 


My; 


zxy 






yzx; yzx; 


y**; 


yzx 






yX2; yXa; 


yxz; 


yx« 






m; xsy; 


xzy; 


x2y 






gyx; zyX; 


zyx; 


2yx 






x+i y+i, 8 


; x+i.i- 


-y,2 


; i-x,y+i,f 


; i-x, i-y, z 


«+i, x+i y 


; J-z, X- 


fiy 


; i-z, J-x,y 


; z+i, i-x, y 


y+i a+i, X 


; *-y,§ 


-z, x 


y+ii-z,X 


; i-y, z+i, X 


i-y, i-x, 2. 


y+i,l 


-X, z 


; i-y, x+iz 


; y+i, x+i, 2 


i-x, i-z, y 


; i-x, z- 


H,y 


; x+i, z+i,y 


; x+i, i-z, y 


i-z, §-y, X 


; z+J, y+i, X 


; z+i J-y, X 


; i-z, y+i, X 


x+i, y, «+i 


x+i y, J-z, 


i-x, y, i-z 


; i-x, y, z+i 


2+J, X, y+i 


. i-z, X, 


i-y. 


i-z, X, y+i 


; z+i, X, i-y 


y+i z, x+i 


, i-y, 2, 


x+i 


y+i 8, i-x 


; i-y, z, i-x 


J-y, X, J-z, 


y+i, X, 


z+i 


i-y, X, z+i 


; y+i. X, i-z 


J-x, 2, i-y 


; i-x, z, 


y+i; 


x+i, z, i-y 


; x+i, 2, y+i 


i-a, y, i-x 


; z+iy, 


i-x, 


z+i y, x+i 


; i-z, y, x+i 


X, y+i z+i; 


X, i-y, 


i-z; 


X, y+i, i-z 


X, i-y, z+i 


z, 3H-i y+i 


; 2,x+iJ-y, 


2, i-x, y+i 


; z, i-x, i-y 


y, z+i x+J 


; y, i-z, 


r+i 


y, i-z, i-x, 


; y, z+i, i-x 


y, i-x, J-z, 


y, i-x, 


z+ii 


y. x+i, z+i, 


y, x^+i, i-z 


X, §-z, i-y, 


X, z+i y+ii 


X, z+i, i-y; 


X, i-z, y+i 


z, i-y, i-x, 


z, y+i i-x; 


z. i-y, x+i 


; 2. y+i. x+i 


Space-Group 0*. 










Eight equivalent poeitio 


ns: 








(a) 8f . (b 


)8g. 








Sixteen equivalent podt 


ions: 








(c) 16b. (d 


[) 16c. 








TMrty-iwo equivalent p< 


ssitions: 








(e) 32b. 










Forty-eighJt equivalent p 


odtions: 








(f) 48c. (g; 


1 48h. 








Ninety-six equivalent p< 


Mitions: 








(h) xyz; xyg; 


Xyz; 


xyz; 






zxy; zxy; 


zXy; 


zxy; 






yzx; ygx; 


y2X; 


yzx; 







1-y, i-x, i-z; y+i, J-x, z+J; i-y, x+J, z+i; 

y+i, x+i, 1-z; 
i-x, i-z, i-y; i-x, z+i, y+i; x+i, z+i i-y; 

x+i, i-z, y+i; 
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Space-Gbottp O* (con^nued). 

1-z, 1-y, 1-x; a+}, y+i, i-x; z+i i-y, x+i; 

i-z, y+i, x+i; 
x+i y+i z; x+i I-y, 5; i-x, y+i 2; J-x, f-y, z; 
2+ix+iy; i-a, x+iy; J-z, J-x, y; z+i J-x, y; 
y+ia+ix; i-y, i-z, x; y+i i-z, X; i-y, z+i X; 
i-y, i-x, i-z; y+i, i-x, z+i; i-y, x+i, z+i; 

y+i, x+i, i-z; 
i-x, i-z, i-y; i-x, z+i, y+i; x+i, z+i, i-y; 

x+i, i-z, y+i; 
i-s5. i-y, i-x; z+i, y+i, i-x; z+i, i-y, x+i; 

i-z, y+i, x+i; 
x+i y, z+i; x+i y, i-z; i-x, y, i-z; i-x, y, z+i; 
>!+ix, y+i; i-z, X, i-y; i-z, X, y+i; z+i X, i-y; 
y+i z, x+i; i-y, «, x+i; y+i Z, i-x; i-y, z. i-x; 
i-y, i-x, i-z; y+i, i-x, z+i; i-y, x+i z+i; 

y+i x+i i-z; 
i-x, i-z, i-y; i-x, z+i y+i; x+i z+i i-y; 

x+i, i-z, y+i; 
i-z, i-y, i-x; z+i y+i i-x; z+i i-y, x+i; 

i-z, y+i x+i; 
X, y+i z+i; X, i-y, i-z; X, y+i i-z; X, i-y, z+i; 
«, x+i y+i; e, x+i i-y; i. i-x, y+i; z, i-x, i-y; 
y, z+i x+i; y, i-z, x+i; y, i-z, i-x; y, z+i i-x; 
i-y, i-x, i-z; y+i i-x, z+i; i-y, x+i z+i; 

y+i x+i i-z; 
i-x, i-z, i-y; i-x, z+i, y+i; x+i z+i i-y; 

x+i i-z, y+i; 
i-z, i-y, i-x; z+i y+i i-x; z+i i-y, x+i; 

i-», y+i x+i 
Spack-Gbottp O*. 

Tioo equivalent positions: 

(a) 2a. 

Six equivalent positions: 

(b) 6e. 

Eight equivalent positions: 

(c) 8e. 

Txvehe equivalent positions: 

(d) 12h. (f) 12b. 

(e) 12a. 

Sixteen equivalent positions: 
(g) 16d. 
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Spacb-Gbotip O* (continued). 

Tvoenty-four equivaknt poeitioiis 

(h) 24j. (i) 24k. 

Forty-eight eqiiivalent podtions 

sxy; 2xy; Ky 

ync; ySx; y» 

yxS; ySa; yxa 

jay; 3tey; My 

Syx; «yX; ?yx 



xy«; 

yrf; 
rfy; 
8yx; 



x+i, y+i »+i; x+i, i-y, i-«; |-x, y+i i-a; 

i-x, i-y^ a+l; 

»+i, x+i y+J; i-«, x+i J-y; J-«, J-x, y+i; 

a+§, i-x, i-y; 
y+i, »+i, x+i; i-y, i-», x+i; y+i i-a, i-x; 

l-y, «+i i-x; 
i-y, i-x, i-»; y+i, i-x, «+i; i-y, x+i, «+i; 

y+i x+i i-«; 

i-x, i-«, i-y; i-x, «+i y+i; x+i *+i i-y; 

x+i i-», y+i; 
i-», i-y, i-x; «+i y+i i-x; «+i i-y, x+i; 

i-», y+i x+i. 
Sface-Gboup 0*. 

Four equivalent positioiis: 

(a) 4g. (b) 4h. 

£ii^Af equivalent positions: 

(c) 8i. 

TtDtive equivalent positions: 

(d) 12q. 

Ttoenty-four equivalent positions: 

(e) xya; x+i i-y, 8; X, y+i i-z; i-x, y, «+i; 
zxy; i, x+i i-y; i-«, X, y+i; s+i i-x, y; 
ysx; i-y, 2, x+i; y+i i-a, X; y, a+i i-x; 
i-y, 1-x, J-2; y+i 1-x, z+J; J-y, x+i a+f; 

y+i x+i 1-a; 
J-x, J-a, J-y; J-x, a+i y+1; x+i a+i 1-y; 

x+i f-a, y+i; 
1-a, 1-y, 1-x; «+i y+i l-x; a+i 1-y, x+J; 

i-«, y+i x+i. 

It is evident that a suitable transfonnation would simplify the two unique 
cases. 
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Spacs-Gboup O^. 

Four equivalent pocdtions: 

(a) 4i. (b) 4j. 

Eight equivalent positions: 

(c) 8k. 

Twelve equivalent positions: 

(d) 12r. 

Twerdy-fmir equivalent positions: 

(e) xyz; x+J, i-y, i; %, y+i, J-z; J-x, y, z+h 
2xy; «, x+i i-y; f-z, X, y+i; z+i i-x, y; 
yzx; l-y, 2, x+i; y+i f-z, X; y, z+i, J-x; 
1-y, l-x, 1-z; y+J, i-x, z+i; i-y, x+f, z+J; 

y+i x+J, J-z; 
I-x, l-z, I-y; i-x, z+l, y+J; x+|, z+J, J-y; 

x+J, J-z, y+l; 
|-», I-y, I-x; z+l, y+J, J-x; z+J, J-y, z+|; 

J-z, y+l, x+J. 
Space-Gboup O*. 

Eight equivalent positions: 

(a) 81. (b) 8m. 

Twelve equivalent positions: 

(c) 128. (d) 121. 

Sixteen equivalent positions: 

(e) 16g. 

Tvoetdy'Jova- eqtiivalent positions: 

(f) 241. (g) 24m. (h) 24n. 

Forty-eight equivalent positions: 

(i) xyz; x, y, J-z; J-x, y, §; X, J-y, z; 
«y; J-z, X, y; S, J-x, y; z, X, J-y; 
yzx; y, J-z, x; y, S, J-x; J-y, z, X; 
J-y. J-x, J-z; y+J, J-x, z+l; J-y, x+|, z+J; 

y+i x+J, J-z 
J-x, J-z, J-y; J-x, z+l, y+J; x+|, z+J, J-y; 

x+i, J-«, y+l 
J-2, J-y, J-x; z+l, y+J, J-x; z+J, J-y, x+|; 

J-z, y+l, x+J 
x+J, y+J, a+J; x+J, J-y, f; X, y+J, J-z; 

J-x, y, z+J 
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Spacb^bottp O' (fiontinued). 

»+i xrfi y+i; S, x+h, J-y: i-a, X, y+h; 

y+i, «+i x+i; J-y. «. x+i; y+i i-«. x; 

y, «+i i-x; 
l-y, f-x, i-a; y+i i-x, a+i; }-y, x+i z+i; 

y+i x+i i-a; 
i-x, i-z, i-y; I-x, 8+i y+i; x+i, 2+i, f-y; 

x+i, i-a, y+i; 
i-«, i-y. i-x; 2+i, y+i, i-x; a+i, i-y, x+J; 

i-z, y+i, x+i. 





E. 


HOLOHEDRY 


Spacb-Gbotjp Ok. 








One equivalent position: 






(a) la. 


(b)lb. 




Three equivalent positions 


: 




(c)3a. 


(d) 3b. 




Six equivalent positions: 






(e) 6a. 


(f) 6d. 




Eight eqwvalent positions 






(g) 8c. 








Ttoelve equivalent positions: 




(h) 12f. 


(i) 12n. 




(i) 12m. 








TxDetdy-fowr equivalent positions: 




(k) 24o. 


(m)24q. 




a) 24p. 








Forty-eight equivalent positions: 




(n) xyz; 


xys; 


iyi: 


xyz; 


zxy; 


2xy; 


Ky; 


axy; 


yzx; 


ysx; 


ysx; 


y«x; 


m; 


yXz; 


yxa; 


yx8; 


m; 


Say; 


»^; 


x8y; 


m; 


zyX; 


ayx; 


ayx; 


m; 


xya; 


xyz; 


xyz; 


2Sy; 


axy; 


axy; 


2xy; 


ysx; 


yax; 


yzx; 


y2x; 


jTcz; 


yx2; 


ySB; 


yxz; 


xzy; 


x2y; 


X2y; 


Say; 


zyx; 


«yx; 


«yx; 


«yx; 
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Space Group 02- 

TiDo equivalent positions: 

(a) 2a. 

Six equivalent positions: 

(b) 6e. 

Eight equivalent positions: 

(c) 8e. 

Twelve equivalent positions: 

(d) 12h. (e) 12a. 
Sixteen equivalent positions: 

(f) 16d. 

Tweniy-fouT equivalent p>ositions! 

(g) 24f. (h)24j. 
Farty-eigkt equivalent positions: 



(i) xyz; xyS; xyg 

zxy; 2xy; 2Xy 

yzx; yix; yzX 

yxi; yXz; yxz 

5ay; Xzy; xzy 

gyx; zyX; zyx 



y^x; 
yx8; 
x2y; 

i-x, J-y, i-z; J-x, y+J, z+J; x+i, J-y, z+i; 

x+i, y+J, i-z; 
i-z, i-x, i-y; z+i, J-x, y+i; z+i x+i, J-y; 

i-z, x+i y+i; 
i-y, i-2, i-x; y+J, z+i, i-x; i-y, z+i, x+i; 

y+i i-z, x+J; 
y+i, x+J, z+i; i-y, x+i, i-z; y+i, i-x, i-z; 

i-y, i-x, z+i; 
x+i, z+i, y+i; x+i, i-z, i-y; i-x, i-z, y+i; 

i-x, z+i, i-y; 
2+i, y+i, x+i; i-z, i-y, x+i; i-z, y+i, i-x; 

«+i, i-yi i-x. 
Space-Gboup OJ. 

Two equivalent positions: 

(a) 2a. 

Six equivalent positions: 

(b) 6e. (c) 6f. (d) 6g. 
Eight equivalent positions: 

(e) 8e. 
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Spacb-Gboitp (^ iconUnued). 
Twelve equivalent positions: 

(f) 12a. (g) la. 

Sixteen equivalent positions: 

(i) 16d. 
Tweniy-four equivalent positions: 

(i) 24s. (k) 24r. 

FoTty-eighL equivalent positions: 

0) xyz; xyz; 
zxy; zxy; 
yzx; ygx; 



(h) 12j. 



xyz; 
zXy; 
y25c; 



yzx; 



i-y, i-x, i-z; y+i, J-x, z+i; J-y, x+i z+J; 

y+i, x+j, i-z 

i-x, i-z, J-y; i-x, z+i, y+i; x+i, z+J, i-y; 

x+i, i-z, y+i 
i-«, i-y, i-x; z+i, y+i, J-x; z+J, i-y, x+i; 

i-z, y+i x+i 



m\ 


Xyz; 


xyz; 


xyS; 


m; 


«y; 


zxy; 


8xy; 


yK; 


yA; 


yax; 


yJx; 



y+i x;+i z+i; i-y, x+J, J-z; y+i, i-x, J-z; 

i-y, i-x, z+J; 
x+i z+i, y+J; x+J, J-z, J-y; J-x, J-z, y+i; 

J-x, z+i i-y; 
z+i y+i, x+J; J-z, J-y, x+i; J-z, y+J, J-x; 

z+J, J-y, i-x. 



Spacb-Gboup OJ. 

Two equivalent positions: 

(a) 2a. 

Four equivalent positions: 

(b) 4d. (c) 4e. 
Six equivalent positions: 

(d) 6e. 

Eight equivalent positions: 

(e) 8d. 

Twdoe equivalent positions: 

(f) 12h. (g) 12a. 
Twerdy-four equivalent positions: 

(h) 24f . (i) 24t. 



Q) 24u. 
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Space-Gboup Oh (continued). 

Forty-eight equivalent pofiitions: 



(k) xyj; 


xys; 


xy2; 


xy^; 


ray; 


5xy; 


2xy; 


^; 


yzx; 


y2x; 


ysx; 


yzX; 



i-y, i-x, i-z; y+i 


, i-x, z+i; 


i-y. x+i, z+i; 
y+i, x+i, i-z; 


i-x, J-B, h-y; i-x, 


z+i y+i; 


x+i, z+i, i-y; 
x+i, i-z, y+i; 


i-2, i-y, i-x; e+i, 


y+i i-x; 


z+i i-y, x+i; 
i-z, y+i x+i; 


i-x, i-y, i-«; i-x 


y+i z+J; 


x+i i-y, z+i; 
x+i y+i i-z; 


§-a, i-x, l-y; s+i 


i-x, y+i; 


z+i x+i i-y; 
i-z, x+i y+i: 


i-y, *-«, i-x; y+i 


, z+i, i-x; 


i-y, 8+i x+i; 

y+i i-z, x+i; 


yxz; yx2; yX2; 


yxz; 




xzy; xSy; x2y; 


i^l 




jyx; fyx; 2yX; 


zyx. 




Spacb-Gboup Ofc. 






. Fow equivalent podtions: 






(a) 4b. (b) 4c. 






Eight equivalent podtions: 






(c) 8e. 






Twenty-four equivalent positions: 




« 


(d) 24c. (e) 24a. 






Thirty-two equivalent positions: 






(f) 32a. 






Forty-eight eqtiivalent positions: 




• 


(g) 48a. (h) 48f . 


(i) 48g. 




Ninety-«ix equivalent positions: 






(j) 96a- (k) 96b. 






One hundred ninety-two equivalent positions: 




G) xya; xys; Xyg; 


xy«; 




«xy; ixy; fXy; 


zxy; 




yzx; fSx; yzX; 


yzsc; 




yja; yXz; yxz; 


yx8; 




JSy; Xzy; xzy; 


xSy; 




zyx; zyX; zyx; 


2yx; 




xyg; Xyz; xyz; 


xyS; 




2Xy; zSy; zxy; 


8xy; 
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Spacb-Gbottp of {eoniinuei). 

fii; yx&; fzx; 

yxz; S^; yi2; 

xay; xiy; 3By; 

ryx; sjx; 5yX; 

x+i, y+i 2; x+J, J-y, 2 

a+i, x+J, y; i-«, x+i, y 

y+i, z+i. x; §-y, |-z, x 

i-y, i-x, 2; y+§, §-x, z 

i-x, i-8, y; i-x, z+i y 

i-2, i-y. X; «+J, y+i x 

i-x, i-y, 2; J-x, y+i 8 

i-J5, i-x, y; «+i i-x, y 

i-y, i-«. X; y+i, t+\, X 

y+i> x+i, «; j-y, x+§, 2 

x+i, 8+i, y; x+J, i-a, y 

2+i, y+i x; i-«, i-y, X 

x+i y, z+i; x+J, y, i-« 

z+i X, y+i; J-s, X, J-y 

y+i, a, x+i; i-y, 2, x+i 

t-y, X. i-z; y+i. x, z+i 

i-x, 2, j-y; i-x, z, y+f 

*-z, y, J-x; z+i, y, i-x 

i-x, y, i-z; J-x, y, z+i 

i-z, S, i-y; z+i, X, y+i 

l-y, 2, i-x; y+i z, i-x 

y+i X, z+§; i-y, x, i-z 

x+i z, y+i; x+J, 2, J-y 

z+i y, x+i; i-z, y, x+§ 

X, y+J, z+i; X, i-y, i-z 

z, x+§, y+i; 2, x+i, i-y 

y, z+i, x+i; y, i-z, x+i 

y, i-x, i-z; y, i-x, z+i 

X. i-z, i-y; x, z+i, y+i 

2, i-y, i-x; z, y+i, i-x 

X, i-y, i-z; X, y+i, z+i 

z, i-x, i-y; z, i-x, y+i 

y, i-z, i-x; y, z+i, i-x 

y, x+i, z+i; y, x+i, i-z 

X, z+i, y+i; X, i-z, i-y 

z, y+i, x+i; 2, i-y, x+i 
SpACB-GBOxn> Ok> 

Eight equivalent positions: 
(a) 8i. (b) 8e. 

Twenty-four equivalent positions: 

(c) 24c. (d) 24h. 



i-x, y+i, 2 
i-z, i-x, y 

y+i, i-z, X 
i-y, x+i, z 
x+i, z+i, y 
z+i, i-y, X 
x+i, i-y, z 
z+i, x+i, y 
i-y, z+i, X 
y+i, i-x, 2 
i-x, i-z, y 
i-z, y+i, X 
i-x, y, i-z 
i-z, X, y+i 
y+i, 2, i-x 
i-y, X, z+i 
x+i, z, i-y 

z+i, y, x+i 
x+i, y, z+i 

z+i, X, i-y 
i-y, z, x+i 

y+i, X, i-z 

i-x, 2, y+i 

i-z, y, i-x 
X, y+i, i-z 
2, i-x, y+i 
y, i-z, i-x 
y, x+i, z+i 
X, z+i, i-y 
z, i-y, x+i 
X, i-y, z+i 
z, x+i, i-y 

y, z+i, x+i 

y, i-x, i-z 
X, i-z, y+i 

2, y+*, i-x 



i-x, i-y, z 
z+i, i-x, y 
i-y, z+i, X 
y+i, x+i, 2 
x+i, i-z, y 
i-z, y+i, X 
x+i, y+i, 2 
i-z, x+i, y 
y+i, i-z, X 
i-y, i-x, z 
i-x, z+i, y 
z+i, i-y, X 

i-x, y, z+i 
z+i, X, i-y 

i-y, z, i-x 
y+i, X, i-z 
x+i, 2, y+i 

i-z, y, x+i 

x+i, y, i-z 

i-z, X, y+i 

y+i, 2, x+i 

i-y, X, z+i 
i-x, z, i-y 

i-z, y, i-x 

X, i-y, z+i 
z, i-x, i-y 
y, z+i, i-x 
y, x+i, i-z 
X, i-z, y+i 
2, y+i. x+i 
X, y+i, i-z 
2, x+i, y+i 
y, i-z, x+i 

y, i-x, z+i 
X, z+i, i-y 
z, i-y, i-x 
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Spacb^boxtp Oh (jBontinued). 

Forty-eight equivalent positions: 

(e) 48a. (f) 48e. 

Sixty-four equivalent positions: 

(g) 64a. 
Ninety-six equivalent positions: 

(h) 96c. (i) 96d. 

One hundred nin«ty4wo equivalent positions: 

(i) xya; ^2; XyS; xya; 

zxy; Sxf; Ky; zxy; 

ytx; yzx; yii; fzk; 

SIS; yXz; fxz; yx8; 

Xfy; Xay; xx^', xzy; 

sys; zyX; zyx; zyx; 

i-Xi y+i 2+i; 



i-x, i-y, J-z; 
i-s, J-x, §-y; 
*-y, *-». J-x; 
y+i x+J, z+i; 
x+i z+i y+J; 
z+i. 7+h, x+i; 



z+i i-x, y+i; 
y+i, z+i, §-x; 
i-y, x+i i-z; 
x+i i-z, §-y; 
i-z, i-y, x+i; 



x+i y+i z; 
z+i x+i, y; 
y+i z+J, x; 
i-y, i-x, 2; 
J-x, i-z, f; 
i-z, J-y, X; 
X, y, i-z; 

8, X, h-y, 
?, «, i-x; 

y, X, z+J; 
X, z, y+J; 
z, y, x+J; 
x+i y, z+i; 
z+i, X, y+i; 
y+i, z, x+i; 

i-y. *. i-»; 

i-x, 2, i-y; 
i-z, y, i-x; 



x+i, i-y, z+i; 
x+i, y+i, i-z; 

z+i, x+i, i-y; 
i-z, x+i, y+i; 

i-yi z+i, x+i; 

y+i, i-z, x+i; 
y+i, i-x, i-z; 

i-y, i-x, z+i; 

i-x, i-z, y+i; 

i-x, z+i, i-y; 
i-z, y+i, i-x; 

z+i, i-y, i-x; 
i-x, y+i, 2; i-x, i-y, z; 

i-z, i-x, y; z+i, i-x, y; 
i-y, i-z, x; y+i, i-z, S; i-y, z+i, X; 
y+i, i-x, z; i-y, 3^+i, z; y+i, x+i, 2; 
i-x, z+i, y; x+i. ^+i, y; x+i, i-z, y; 
z+i, y+i, *; z+i, i-y, x; i-z, y+i, x; 

X, y, z+i; 

z, X, i-y; 

y, z, x+i; 

y, X, i-z; 

*, «, y+i; 

2, y, i-x; 

i-x, y, i-z; 

i-», X, y+i; 

y+i, 2, i-x; 

i-y, X, z+i; 



x+i, i-y, 2; 
i-z, x+i, y; 



X, y, z+i; 

z, X, y+i; 

y, z, i-x; 

y, X, i-z; 

X, 2, i-y; 

2, y, x+i; 

x+i, y, i-z; 

i-z, X, i-y; 

i-y, 2, x+i; 

y+i, X, z+i; 

i-x, z, y+i; x+i, z, i-y; 

z+i, y, i-x; z+i, y, x+i; 



X, y, i-z; 
2, X, y+i; 
y, 2, x+i; 
y, X, z+i; 
X, z, i-y; 
z, y, i-x; 
i-x, y, z+i; 
z+i, X, i-y; 
i-y, z, i-x; 

y+i, X, i-z; 

x+i, 2, y+i; 
i-z, y, x+i; 
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Space-Gboup Oh ioontinued). 

X, i-y, i; 
z, i-x, y; 
y, i-z, x; 
y, x+i, z; 
X, z+i, y; 
z, y+i, x; 
X, y+J, z+i; 
z, x+i, y+i; 
y, z+i x+i; 
y, i-x, J-z; 
X, J-z, i-y; 
z, i-y, i-x; 
i-x, y, z; 



X, y+i, z; 
z, i-x, y; 
y, z+i, x; 
y, x+J, 2; 
X, i-z, y; 
z, i-y, x; 
X, i-y, i-z; 
z, x+J, i-y; 
y, J-z, x+i; 
y, i-x, z+i; 
X, z+i, y+i; 
z, y+i, J-x; 
J-x, y, z; 
z+i, X, y; 
y+i, z, x; 
i-y, X, z; 
x+i, z, y; 
i-z, y, x; 



X, i-y, z; 
z, x+J, y; 
y, z+i x; 
y, i-x, z; 
X, i-z, y; 
z, y+i x; 
X, y+i, J-z 
z, i-x, y+J 

y, i-z, i-x 
y, x+i, z+i 

X, z+i, J-y 
z, i-y, x+J 
x+i y, z; 
z+J, X, y; 



i-z, X, y; 

i-yi z, X; y+i, z, x; J-y, z, x; 

y+J, X, z; i-y, x, z; y+i, S, z; 

x+J, z, y; x+J, z, f; J-x, 2, y; 

z+i, y, x; i-z, y, x; J-z, y, X; 

Spacb-Gkoup OJ. 

Eight equivalent ix)sitions: 

(a) 8f. (b) 8g. 

Sixteen equivalent positions: 

(c) 16b. (d) 16c. 

Thdrty-two equivalent positions: 

(e) 32b. 

Forty-eight equivalent positions: 

(f) 48c. 

Ninety-six equivalent positions: 

(g) 96e. (h) 96f. 

One hundred ninety-two equivalent positions: 
(i) xyz; xyS; Xyz; 3cyz 
zxy; zxy; 23cy; zxy 
yzx; fix; yzx; yaX 

i-y, i-x. J-2; y+i i-^t, z+i; 



X, y+i 8; 
«, x+i y; 
y, i-«, x; 
y, i-x, »; 
X, 2+i, y; 
». i-y, X; 
X, i-y, z+i; 
z, i-x, J-y; 
y, z+J. i-x; 
y, x+i, i-z; 
X, i-z, y+i; 
2, y+l. x+i; 

x+i y, 8; 

J-z, X, y; 
y+i «, x; 
*-y, X, z; 
i-x, z, y; 

z+i y, X. 



J-x, i-z, J-y; 

i-z, i-y, i-x; 
i-x, i-y, i-z; 



i-x, z+i, y+i; 
z+i, y+i, i-x; 
i-x, y+i, z+i; 



i-y, x+i, z+i; 

y+i, x+i, i-z 
x+i, z+i, i-y; 

x+i, i-z, y+i 
z+i, i-y, x+i; 

i-z, y+i, x+i 
x+i, i-y, z+i; 

x+i, y+i, i-z 
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Spacb-Gboup Ob (continued) 



y; 2+i i-x, 
\-y, i-», i-x; y+i z+i 



yxz; yxi 
x«y; x2y 
zyx; gyx 

x+i, y+i «; 

z+i, x+§, y; 
y+i z+i, x; 
l-y, l-x, i- 

f-x, f-z, i- 

i-». !-y, i- 
i-x, i-y, J- 
i-z, i-x, i- 

i-y. !-2, J- 

y+i x+i z; 

x+i, z+h, y; 
«+i y+i x; 
x+i y, z+i; 
2+i, X, y+i; 
y+i, z, x+i; 

i-y, i-x, i- 

i-x, i-z, i- 

i-2, i-y, i- 
i-x, i-y, }- 
f-«, i-x. i- 
i-y, i-z, i- 

y+i X, z+i; 
x+i z, y+i; 
z+i, y, x+i; 
X, y+i, z+i; 
«, x+i, y+i; 



yxf; yxz; 

x«y; xzy; 

«yx; zyx; 

x+i, i-y, 2; 

i-z, x+i, y; 

i-y, i-z, x; 

-z; y+i i-x, 

•y; i-x, z+i, 

•x; z+i, y+i, 

-z; i-x, y+i, 

•y; z+i, i-x, 

■x; y+i z+i 

i-y, x+i i; 
x+i, i-z, y; 

i-z, i-y, x; 
x+i y, i-z; 
i-z, X, i-y; 
i-y, g, x+i; 
-z; y+i i-x, 

•y; i-x, z+i 

•x; z+i y+i 

-z; i-x, y+i, 

•y; z+i, i-x, 

■x; y+i z+i, 

i-y, X, i-z; 
x+i 2, i-y; 
i-z, y, x+i; 
X, i-y, i-z; 
2, x+i i-y; 



y+i; z+i x+i i-y; 

i-z, x+i, y+i: 
i-x; i-y, z+i, x+i; 

y+i i-z, x+i; 



i-x, y+i 2; i-x, i-y, z 
i-z, i-x, y; z+i i-x, y 
y+i i-z, s; i-y, z+i X 
z+i; i-y, x+i z+i; 

y+i x+i i-z 
y+i; x+i z+i i-y; 

x+i i-z, y+i 
i-x; z+i i-y, x+i; 

i-z, y+i x+i 
z+i; x+i, i-y, z+i; 

x+i y+i i-z 
y+i; z+i x+i, i-y; 

i-z, x+i y+i 
i-x; i-y, z+i x+i; 

y+i i-z, x+i 

y+i i-x, 2; i-y, i-x, z 

i-x, i-z, y; i-x, z+i y 

i-z, y+i X; z+i i-y, X 

i-x, y, i-z; i-x, y, z+i 

i-z, X, y+i; z+i; X, i-y 
y+i 2, i-x; i-y, z, i-x 

z+i; i-y. x+i, z+i; 

y+i x+i i-z 
y+i; x+i, z+i, i-y; 

x+i i-z, y+i 
i-x; z+i, i-y, x+i; 

i-z, y+i, x+i 
z+i; x+i i-y, z+i; 

x+i y+i i-z 
y+i; z+i, x+i, i-y; 

i-z, x+i, y+i 
i-x; i-y, z+i x+i; 

y+i i-z, x+i 
y+i X, i-z; i-y, X, z+i 

i-x, i, y+i; i-x, z, i-y 

J-z, y, i-x; z+i y, i-x 
X, y+i i-z; X, i-y, z+i 
2, i-x, y+i; z, i-x, i-y 
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Space-Obouf Ob (eoniinued). 

y, «+i x+J; S,i-z,x+i; y, J-«, i-x; y, «+J, J-x; 
i-y, f-x, i-z; y+i, l-x, a+f; J-y, x+i z+i; 

y+h x+i, }-z; 
J-x, l-z, i-y; i-x, «+i y+f; x+i z+i, i-y; 

x+J, i-a. y+i; 
i-z, i-y, i-x; z+i, y+i, i-x; z+i, i-y, x+i; 

i-z, y+i, x+i; 
i-x, i-y, i-z; i-x, y+i, z+i; x+i, i-y, z+i; 

%+h y+i i-a; 

i-z, i-x, i-y; z+i, i-x, y+i; z+i, x+i, i-y; 

i-z, x+i, y+i; 
i-y, i-z, i-x; y+i, z+i, i-x; i-y, z+i, x+i; 

y+i i-z, x+i; 
y, x+i, z+i; y, x+i J-z; y, |-x, J-z; f, J-x, z+i; 
X, z+i y+i; X, i-z, i-y; X, i-z, y+i; X, z+i i-y; 
z, y+i x+i; «, i-y, x+i; 2, y+i, i-x; z, i-y, i-x. 

Space-Gboitp Ok. 

Sixteen equivalent poeitions: 

(a) 16h. 

TMrty-hoo equivalent positions: 

(b) 32d. (c) 32e. 
Forty-eight equivalent positions: 

(d) 48i. 

Sixty-fmir equivalent positions: 

(e) 64b. 

Ninety-tix equivalent positions: 

(0 96g. (g) 96h. 

One hundred ninety-two equivalent positions: 



(h) xyz; 


xyg; 


XjrS; 


xyz 


zxy; 


Bxy; 


5Xy; 


zxy 


yzx; 


ysx; 


y2X; 


yzx 



i-y, i-x, i-z; y+i, i-x, z+i; i-y, x+i, z+i; 

y+i x+i i-z 

i-x, i-z, i-y; i-x, z+i y+i; x+i z+i, i-y; 

x+i i-z, y+i 
i-z, i-y, i-x; z+i, y+i i-x; z+i i-y, x+i; 

i-z, y+i. x+i 
i-x, i-y, i-z; i-x, y+i z+i; x+i i-y, z+i; 

x+i y+i i-z 
}-z, i-x, i-y; z+i, i-x, y+i; z+i x+i i-y; 

i-z, x+i y+i 
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Spacb-Gboup OS (eonHnued). 

i-y, i-«, l-x; y+i z+l }-x; f-y, z+i x+f; 

y+i f-«, x+l; 
y+i, x+i z+l; J-y, x+J, J-z; y+i J-x, J-z; 

§-y, i-x, z+i; 
x+i, z+J, y+J; x+i l-z, i-y; l-x, J-z, y+J; 

}-x, z+J, i-y; 

»+i y+i x+i; i-», *-y, x+i; i-z, y+i i-x; 

«+i i-y, i-x; 

x+iy+i«; x+ii-y, 2; i-x,y+if; i-x,§-y, z; 
a+ix+iy; i-z, x+iy; i-z, §-x, y; z+ii-x,y; 
y+ia+ix; i-y, i-z, x; y+i i-z, X; i-y, z+i X; 
I-y, i-x, i-z; y+i }-x, z+i; }-y, x+i z+J; 

y+i x+i i-z; 
}-x, i-z, i-y; i-x, z+i y+i; x+i z+i i-y; 

x+i i-z, y+i; 
i-a, i-y, i-x; z+i y+i i-x; z+i i-y, x+i; 

i-a, y+i x+i; 
i-x, i-y, 1-z; i-x, y+i z+i; x+i i-y, z+i; 

x+i y+i i-z; 
i-z, i-x, i-y; z+i i-x, y+i; z+i x+i i-y; 

i-a, x+i y+i; 
i-y, i-a, i-x; y+i z+i i-x; i-y, z+i x+i; 

y+i i-a, x+i; 
y, X, z+i; S, X, i-z; y, S, J-z; f, i, z+i; 
X, z, y+i; X, S, i-y; X, 2, y+i; X, z, i-y; 
a, y, x+i; 2, y, X+I; 2, y, i-x; z, f, i-x; 
x+iy, z+i; x+iy, i-z; i-x, y, i-z; i-x, y, z+i; 
a+ix, y+i; i-z, x. i-y; i-a, X,y+J; a+i X, i-y; 
y+i z, x+i; i-y, 2, x+i; y+i 2, i-x; i-y, z, i-x; 
i-y, i-x, i-z; y+i i-x, z+i; i-y, x+i z+i; 

y+i x+i i-z 
i-x, i-z, i-y; i-x, z+i y+i; x+i z+i i-y; 

x+i i-z, y+i 
i-a, i-y, i-x; z+i y+i i-x; z+i i-y, x+i; 

f-a, y+i x+i 
i-x, i-y, i-z; i-x, y+i z+i; x+i i-y, z+i; 

x+i y+i i-z 
i-z, i-x, i-y; z+i i-x, y+i; z+i x+i i-y; 

i-z, x+i y+i 
i-y, i-z, i-x; y+i z+i i-x; i-y, z+i x+i; 

y+i i-a, x+i 
y, x+i, z; y, x+i, 2; y, J-x, 2; y, J-x, z; 
X, z+i y; X, i-z, y; X, J-z, y; X, z+i, y; 
a, y+i x; 2, i-y, x; 2, y+i, X; z, i-y, X; 
X, y+i a+i; X, i-y, i-z; X, y+i i-z; X, i-y, z+i; 
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SPACE-GBOxn* C^ (eonttnued). 

«, x+iy+i; 2, x+l, §-y; 2, J-x, 
y, z+i x+i; y, §-z, x+§; y, §-a, 
i-y, i-x, }-«; y+i, }-x, z+}; 

i-x, i-z, }-y; J-x, z+i y+J; 

i-z, i-y, i-x; z+i, y+i f-x; 

i-x, i-y, i-z; i-x, y+i, z+i; 

i-2, i-x, i-y; z+i, i-x, y+i; 

i-y, i-z, i-x; y+i, z+i, i-x; 

y+i X, z; J-y, X, S; y+i, X, 2; 
x+i, z, y; x+i, 2, f; i-x, 2, y; 
z+i» Yi x; i-«. y. x; i-z, y, X; 
Space-Gboup OJ. 

Two equivalent poations: 

(a) 2a. 

iStx equivalent positions: 

(b) 6e. 

^tgU equivalent positions: 

(c) 8e. 

Twelve equivalent positions: 

(d) 12h. (e) 12a. 
Sixteen equivalent positions: 

(f) 16d. 

Twenty-four equivalent positions: 

(g) 24f. (h) 24j. 
Forty-eight equivalent positions: 

(i) 481. (j) 48j. (k) 48k. 

Ninety-eix equivalent positions: 

(1) xyz; 3^2; Xy2; xyz 

zxy; 2xy; 2Xy; zXy 

yzx; y2x; j^; yzX 

yX2; ySz; yxz; yx2 

x2y; Xzy; xzy; x2y 



y+i; «, i-x, i-y; 
i-x; y, z+i, i-x; 
i-y, x+i z+i; 

y+i x+i i-z; 
x+i z+i i-y; 

x+i i-z. y+i; 

«+i i-y, x+i; 

i-z, y+i x+i; 
x+i i-y, z+i; 

x+i y+i i-z; 
z+i x+i i-y; 

i-z, x+i y+i; 
i-y, z+i x+i; 

y+i i-z, x+i; 
i-y, X, z; 
i-x, z, y; 

z+i, y, X. 
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Spacb-Gboup (^ {continued). 

gyx; zyX; zyx; iyx; 
XyS; xyz; xyz; xyz; 
aXy; z3ty; zxy; zxy; 
yiX; yzX; yzx; y2x; 
yxz; yxz; yxz; yxz; 
xzy; xzy; Xzy; Xzy; 
zyx; zyx; ^; zyx; 
x+i, y+i, z+i; x+i i-y, i-z; i-x, y+J, J-z; 

i-x, i-y, z+i; 
«+i x+i, y+J; J-z, x+J, i-y; J-z, i-x, y+i; 

z+i, J-x, J-y; 
y+i, z+i, x+i; i-y, J-z, x+i; y+J, J-z, J-x; 

4-y, z+J, J-x; 
i-y, i-x, i-z; y+i, J-x, z+J; i-y, x+i, z+J; 

y+i, x+J, i-z; 
i-x, i-z, i-y; i-x, z+i, y+i; x!+J, z+i, J-y; 

x+i i-z, y+i; 
i-z, i-y, i-x; z+i, y+i, i-x; z+J, J-y, x+J; 

i-z, y+i, x+i; 
i-x, i-y, i-z; i-x, y+i, z+i; x+i, i-y, z+i; 

x+i, y+i, i-z; 
i-z, i-x, i-y; z+i, i-x, y+i; z+i, x+i, i-y; 

i-z, 3c+i, y+i; 
i-y, i-z, i-x; y+i, z+i, i-x; i-y, z+i, x+i; 

y+i, i-z, x+i; 
y+i, x+i, z+i; i-y, x+i, i-z; y+i, i-x, i-z; 

i-y, i-x, z+i; 
x+i, z+i, y+i; x+i, i-z, i-y; i-x, i-z, y+i; 

i-x, z+i, i-y; 
z+i, y+i, x+i; i-z, i-y, x+i; i-z, y+i, i-x; 

z+i, i-y, i-x. 
Space-Group O^^. 

Sixteen equivalent positions: 

(a) 16h. (b) 16i. 

Twenty-four equivalent positions: 

(c) 24v. (d) 24w. 

Thirty-two equivalent positions: 

(e) 32f. 

Forty-eighi equivalent positions: 

(f) 48m. (g) 48n. 
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Space-Oboup Ok {eonUniied), 

Ninety-six equivalent podttons: 

(h) xya; x, y, i-z; i-x, y, 8; X, J-y, s; 

zxy; i-«, X, ?; «, l-x, y; «, *, i-y; 
y«; y, l-«. x; y, *, i-x; §-y, 2, *; 
i-y, i-x, i-a; y+i i-x, «+!; i-y, x+i z+\; 

y+i x+i J-a; 
J-x, i-z, J-y; J-x, z+i, y+i; x+i z+\, J-y; 

x+i J-«, y+f; 

i-z. i-y. i-x; z+}, y+i, i-x; z+i, i-y, x+i; 

i-«. y+i, x+i; 

xyz; X, y, z+i; x+J, S, »', x, y+i 2; 
fxy; z+i X, y; z, x+i, y; 2, x, y+i; 
^*; y, «+i X; y, «, x+i; y+i 2, x; 
y+i, x+i, z+i; i-y, x+i, }-z; y+i, i-x, i-z; 

i-y, i-x, z+i; 
x+i 2+i y+i; x+i i-z, i-y; i-x, i-z, y+i; 

i-x, z+i i-y; 
«+i y+i, x+i; i-z, i-y, x+i; i-z, y+i f-x; 

«+i, i-y, i-x; 
x+i y+i z+i; x+i i-y, 2; X, y+i i-z; 

i-x, y, z+i; 
2+i x+i y+i; 2, x+i i-y; i-z, X, y+i; 

«+i i-x, y; 
y+i z+i x+i; i-y, 2, x+i; y+i i-z, X; 

y, z+i i-x; 
i-y, i-x, i-z; y+i i-x, z+i; i-y, x+i z+i; 

y+i x+i i-z; 
i-x, i-z, i-y; i-x, z+i y+i; x+i z+i i-y; 

x+i i-z, y+i; 
i-z, i-y, i-x; z+i y+i i-x; z+i i-y, x+i; 

i-z, y+i x+i; 
X, i-y, z+i; 

x+i y, i-z; 

z+i X, i-y; 

i-z, x+i y; 
i-y, z+i x; 

y, i-z, x+i; 
y+i x+i z+i; i-y, x+i i-z; y+i i-x, i-z; 

i-y, i-x, z+i; 
x+i z+i y+i; x+i i-z, i-y; i-x, i-z, y+i; 

i-x, z+i, i-y; 
z+i y+i x+i; i-z, i-y, x+i; i-z, y+i i-x; 

»+i, i-y, i-x. 



i-x, i-y, i-z; i-x, y+i z 
i-z, i-x, i-y; z, i-x, y+i 
i-y, i-z, i-x; y+i z, i-x 
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HEXAGONAL SYSTEM. 
RHOMBOHEDRAL DIVISION. 
A. TETARTOHEDRY. 
Space-Group Cg. — (Hexagonal Axes.) 
One equivalent position: 

(a)00u. (b)iiu. (c)Hu. 

Three equivalent i)Osition6: 

(d) xyz; y-x, x, a; y, x-y, z. 
Space-Gboitp CJ. — (Hexagonal Axes.) 
Three equivalent positions : 

(a) xyz; y-x, X, z+i; y, x-y, z+f. 
Space-Gboxtp CJ.— (Hexagonal Axes.) 
Three equivalent positions: 

(a) xyz; y-x, x, z+f; y, x-y, z+f 
Space-Gboup Cj.— (Rhombohedral Axes.) 
One equivalent position: 

(a) uuu. 

Three equivalent positions: 

(b) xyz; zxy; yzx. 

« 

B. HEXAGONAL TETARTOHEDRY OF THE SECOND SORT. 
Space-Group Cji. — (Hexagonal Axes.) 
One equivalent position: 

(a) 000. (b)OOi 

Two equivalent positions: 

(c) OOu; OOfl. (d) i|u; Hfl. 
Three equivalent positions: 

(e)*H; OH; ioj. (f) HO; 0*0; ioo. 

Six equivalent positions: 

(g) xyz; y-x, S, z; y, x-y, z; 
xyz; x-y, X, 2; y, y-x, 2. 

Space-Group C5|. — (Rhombohedral Axes.) 

One equivalent position: 

(a) 000. (b)JH. 



Digitized by 



Google 



152 THE HEXAGONAL SPACB-GBOUPS Cn-CJ^. 

Space-Group C^ {conUnuei). 
Two equivalent positions: 

(c) uuu; dtltl. 
Three equivalent positions: 

(d)OOi; iOO; OiO. (e) HO; Oil; §01. 

Six equivalent positions: 

(f) xyz; zxy; yax; xyg; zxy; yfX. 

C. HEMIMORPHIC HEMIHEDRY. 
Space-Groxtp CJt. — (Hexagonal Axes.) 
One equivalent position: 

(a)00u. (b)Hu. (c)Hu. 

Three equivalent positions: 

(d) u tl v; 2Q, Q, v; u, 2u, v. 
Six equivalent positions: 

(e) xyz; y-x, X, z; f, x-y, z; 
yXz; X, x-y, z; y-x y z. 

Space-Group C/^. — (Hexagonal Axes.) 
One equivalent position: 

(a) OOu. 
Tvx) equivalent positions: 

(b)Hti; Hu. 
Three equivalent positions: 

(c) uuv; OQv; tlOv. 
Six equivalent positions: 

(d) xyz; y-x, x, z; y, x-y, z; 
yxz; X, y-x, z; x-y, y, z. 

Space-Group C/^. — (Hexagonal Axes.) 

Two equivalent positions: 

(a) OOu; 0, 0, u+f (c)fiu; I, i u-hi. 

(b)ifu; i i u+i. 

Six equivalent positions: 

(d) xyz; y-x, x, z; y, x-y, z; 

X, x-y, z-f-i; y, X, z+i; y-x, y, z-f-i 
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Space-Group Cat- — (Hexagonal Axes.) 

Two eqiiivaleDt positions: 

(a)0 0u; 0, 0, u+J. (b) iju; i i u+J. 

Six equivalent positions : 

(c) xyz; y-x, X, z; y, x-y, z; 

y, X, z+i; X, y-x, z+i; x-y, y, z+i. 

SPACS-GBom» C^. — (Rhombohedral Axes.) 

One equivalent position: 

(a) uuu. 

Three equivalent positions: 

(b) uuv; vuu; uvu. 
Six equivalent positions: 

(c) xyz; zxy; y«x; xzy; zyx; yxz. 
Spacb-Group Cat- — (Rhombohedral Axes.) 

Two equivalent positions: 

(a) uuu; u+i, u+i, u+J. 
Six equivalent positions: 

(b) xyz; zxy; yzx; 

x+i, z+J, y+J; z+i, y+J, x+J; y+J, x+J, z+|. 

D. ENANTIOMORPHIC HEMIHEDRY. 
Space-Gboup Di. — (Hexagonal Axes.) 
One equivalent position: 

(a) 000. (c) HO. (e) f iO. 

(b)OOi. (d)Hi. (f) *H. 

rt£;o equivalent positions: 

(g) OOu; OOa. (i) Hu; H^. 

(h)i}u; ijti. 

Three equivalent positions: 

(i) uQO; 2Q, a, 0; u, 2u, 0. 
(k) uQi; 2a, Q, i; u, 2u, i. 

iSto; equivalent positions: 

G) xyz; y-x, S, z; y, x-y, z; 

X, x-y, g; ysz; y-x, y. z. 



Digitized by 



Google 



154 THE HEXAGONAL SPACB-GROUPS D|-dS. 

Space-Group DJ. — (Hexagonal Axes.) 
One equivalent position: 

(a) 000. (b)00i 

Two equivalent positions: 

(c) OOu; OOQ. (d) ifu; HiX. 

Three equivalent positions: 

(e) uuO; OQO; QOO. (f) uuf; OttJ; QOJ, 

Six equivalent positions: 

(g) xys; y-x, X, z; % x-y, z; 
yxi; X, y-x, g; x-y, y, 2. 

Space-Group DJ. — (Hexagonal Axes.) 

Three equivalent positions: 

(a) uai; 2Q, Q, |; u, 2u, 0. 

(b) uQl; 2Q, a, J; u, 2a, J. 

/Su: equivalent positions: 

(c) xyz; y-x, X, z+i; y, x-y, z+}; 
y-x, y, z; y, X, }-z; x, x-y, i-z. 

Space-Group Dt— (Hexagonal Axes.) 

Three equivalent positions: 

(a) uOO; aaj; Guf (b) uOi; titi|; GuJ. 

iStx equivalent positions: 

(c) xyz; y-x, X, z+i; y, x-y, z+}; 

x-y, y, S; y, x, }-z; x, y-x, i-z. 

Space-Group D|. — (Hexagonal Axes.) 

Three equivalent positions: 

(a) uQl; 2Q, % |; u, 2u, J. 

(b) uQf; 2Q, Q, i; u, 2u, G. 

Six equivalent positions: 

(c) xyz; y-x, X, z+|; y, x-y, z+J; 
y-x, y, g; y, X, i-z; x, x-y, }-z. 

Space-Group DJ. — (Hexagonal Axes.) 
Three equivalent positions: 

(a) uGO; Gui; titi|. (b) uGf; Guf; Qtii. 

Six equivalent positions: 

(c) xyz; y-x, X, z-f-}; y, x-y, z+i; 

x-y, y, 2; y, x, i-z; x, y-x, }-z. 
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Spacb-Gboup DJ. — (Rhombohedral Axes.) 
One equivalent position: 

(a) 000. (b)Hi 

Two equivalent positions: 

(c) uuu; tltlli. 
Three equivalent positions: 

(d)utiO; aOu; Outi. (e) uQj; aju; iuG. 

Six equivalent positions: 

(f) xyz; yzx; zxy; yxz; xzy; zyx. 

E. HOLOHEDRY. 
SpACE-GBom» Di|. — (Hexagonal Axes.) 
One equivalent position : 

(a) 000. (b) OOi 

Two equivalent positions: 

(c) ifO; HO. (e) OOu; OOQ. 

(d)Hi; Hi 

Three equivalent positions: 

(f) HO; oiO; joo. (g) Hi; OH; Joj. 

Four equivalent positions: 

Qi)iiM; HQ; Hu; fio. 

5ix equivalent positions: 

(i) uaO; 2Q, Q, 0; u, 2u, 0; QuO; 2u, u, 0; Q, 20, 0. 
G) uQ J; 2Q, Q, §; u, 2u, i; Qui; 2u, u, i; Q, 2u, J. 
(k) uuv; Otlv; QOv; uO^; QQ^; Ou^. 

ri£^Zv6 equivalent positions: 

G) xyz; y-x, X, a; % x-y, z; x, x-y, z; yXz; y-x, y, z; 
xyS; x-y, X, z; y, y-x, z; x, y-x, z; yxz; x-y, y, z. 

Space-Group Djd.— (Hexagonal Axes.) 

Two equivalent positions: 

(a) 000; OOi (c) HO; Hi 

(b)OOi; OOf (d)Hi; HO. 

Four equivalent positions: 

(e) OOu; OOQ; 0, 0, i-u; 0, 0, u+i 

(f) Hu; ijQ; I, i i-u; |, i u+i 



Digitized by 



Google 



166 THE HEXAGONAL SPACSS-GBOX7PS Di-D^. 

Space-Gboup Dm (cantinued). 

Six equivalent positions: 

(g)Hi; Oii; iOi; iof; Hf; OH. 

(h) uaO; 2Q, Q, 0; u, 2u, 0; tiu J; 2u, u, J; Q, 2a, J. 

rioebe equivalent positions: 

(i) xyz; y-x, X, z; y, x-y, z; 

X, x-y, g; yxg; y-x, y, g; 

X, y, i-z; x-y, X, f-z; y, y-x, f-z; 

X, y-x, z+J; y, x, z+J; x-y, y, z+J. 

Spacs-Gboup Dm. — (Hexagonal Axes.) 
One equivalent position: 

(a) 000. (b) 00|. 

Two equivalent positions: 

(c) GOu; OOQ. (d) ifu; Ha. 

Three equivalent positions: 

(e)HO; OJO; §00. (f) Hi; OH; ioi 

Six equivalent positions: 

(g) uuO; OaO; aOO; aaO; OuG; uOO. 

(h)uuj; Oai; aOf; aaj; OuJ; uGJ. 

(i) uav; 2a, a, v; u, 2u, v; ttu^; 2u, u, ^; a, 2a, ^. 

Twekfe equivalent positions: 

(i) xyz; y-x, X, z; y, x-y, z; 

X, y-x, g; yxg; x-y, y, g; 

xyg; x-y, X, g; y, y-x, g; 

X, x-y, z; yxz; y-x, y, z. 

Spacb-Gboup Dm- — (Hexagonal Axes.) 
Two equivalent positions : 

(a) 000; OOf (b) OOi; OOf 

Four equivalent positions : 

(c) OOu; a; 0, 0, J-u; 0, 0, u+J. 

(d)ifu; iiiX; f, i i-u; i i u+i 
/Six equivalent positions: 

(e) OH; iOi; Hi; Oif; iOi; iii 

(f) uuO; OaO; aOO; aai; Oui; uOi 
Tv>d»e equivalent positions: 

(g) xyz; y-x, x, z; y, x-y, z; 
X, y-x, g; yxg; x-y, y, g; 

Xi y, i-z; x-y, X, J-z; y, y-x, i-z; 
X, x-y, z+i; y, X, z+i; y-x, y, z+i 
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Spacs-Gboup Dsd* — (Rhombohedral Axes.) 
One eqtdvalent position: 

(a) 000. (b) Hi 

Two equivalent positions: 

(c) uuu; tltltl. 
Three equivalent positions: 

(d)OOJ; OiO; §00. (e) HO; JOJ; OH- 

Six equivalent positions: 

(f) utlO; aOu; Outl; tluO; uOtl; Oau. 

(g) utlj; Qju; Jua; QuJ; ujtl; Jau. 
(h) uuv; uvu; vuu; tm^; Q^Q; ^Qa. 

Twdve equivalent positions: 

(i) xyz; yzx; zxy; yxz; xzy; z^x; 
xyz; yzX; zxy; yxz; xzy; zyx. 

Space-Group D^* — (Rhombohedral Axes.) 
Two equivalent positions: 

(a) 000; Hi (b) Hi; Hi 

Fcur equivalent podtioiis: 

(c) uuu; an (I; J— u, J— u, i— u; u+i u+J, u+i 
Six equivalent podtionfl: 

(d)Hf; IH; iH; Hi; iii; iii 

(e)uaO; nOu; OuO; 

i-u, u+i i; u+i i l-u; i, J-u, u+i 

Tweb« equivalent positions: 

(f) 3Qra; yzx; zxy; 
y«; My; 8yX; 

J-x, i-y, i-z; i-y, i-z, \-x; f-z, i-x, i-y; 
y+i x+i z+i; x+i, z+i y+J; z+J, y+J, x+f 

HEXAGONAL DIVISION. 
A. TRIGONAL PARAMORPHIC HEMIHEDRY. 

Spacb^bovp €»• — (Hexagonal Axes.) 
One equivalent position: 

(a) 000. (c) HO. (e) HO. 

(b)00i. (d)iH- (f) Hi 

Two equivalent positions: 

(g) OOu; 000. (i) H«; Hti. 
(h)Hu; Hti. 
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Spacb-Group Cai (continued). 
Three equivalent positions: 

(j) uvO; V— u, ti, 0; ^, u— v, 0. 
(k)uvi; v-u, a, i; ^, u-v, i 

Six equivalent positions: 

(1) xyz; y-x, x, z; y, x-y, z; 
xyz; y-x, X, z; y, x-y, z. 



B. HEMIHEDRY WITH A THREE-FOLD AXIS. 




(Triflfonai Holohedry.) 


Spacb-Gbottp D».- 


-(Hexagonal Axes.) 




One equivalent 


position: 




(a) 00. 
(b)OOi 


(c) HO. 

(d)iH. 


(e) HO. 

(0 Hi. 


Two equivalent positions: 

(g) OOu; OOn. (i) Hu 
(h)i|u; illl. 


; liQ. 


TAr66 equivalent positions: 

(j) uQO; 2Q, Q, 0; u, 2u, 0. 
(k)uili; M, a, i; u, 2u, i 





iSix equivalent positions: 

(1) uvO; V— u, Q, 0; t, u— v, 0; 

u, u— V, 0; ^HO; v— u, v, 0. 

(m)uvj; v-u, a, i; 1^, u-v, J; 

u, u-v, i; 1^0 i; v-u, v, J. 

(n) uttv; 2tl, a, v; u, 2u, v; uaV; 2Q, H, t^; u, 2u, V. 

Twefoe equivalent positions: 

(o) xyz; y-x, X, z; y, x-y, s; 

X, x-y, §; yxS; y-x, y, 2; 

xyz; y-x, X, S; y, x-y, 2; 

X, x-y, z; yxz; y-x, y, z. 

Spacb-Gboup Dni- — (Hexagonal Axes.) 
Two eqmvalent positions: 

(a) 000; OOJ. (d) iH; HI 

(b)OOi; OOi (e) HO; Hi 

(c) ifO; iH. (f) Hi; Hi. 

Four equivalent positions: 

(g) OOu; 00 0; 0, 0, J-u; 0, 0, u+J. 

(h)ilu; iffl; i i i-u; i I, u+j. 
(i) Hu; Hfl; I, i i-u; I, i, u+j. 
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SPACE^Bom»D£ (ccmUnued). 
Six equivalent positions: 

(j) uQO; 2Q, a, 0; u, 2u, 0; utij; 2Q, Q, J; u, 2u, J. 
(k)uvi; v-u, a, i; ^, u-v, i; 

u, u-v, i; ^af; v-u, v, }. 

Twehe eqtdvalent positions: 

(1) xyz; y-x, X, z; y, x-y, z; 

X, x-y, f ; yx2; y-x, y, g; 

X, y, i-z; y-x, X, J-z; y, x-y, J-z; 

X, x-y, z+i; y, X, z+J; y-x, y, z+i. 

Spacs-Gboup Di. — (Hexagonal Axes.) 

One equivalent position: 

(a) 000. (b) OOJ. 

Two equivalent positions: 

(c) HO; HO. (e) OOu; OOQ. 

(d)iH; *H. 

Three equivalent positions: 

(f) uuO; OQO; QOO. (g) uuj; OHi; aO|. 

Four equivalent positions: 

Oi)i}u; Hti; liix; Hu. 

Six equivalent positions: 

(i) uuv; Oav; aOv; QO^; uu^; Oat. 

(i) uvO; v-u, a, 0; % u-v, 0; 

vuO; a, V— u, 0; u— v, ^, 0. 

(k)uvi; v-u, a, i; ^, u-v, J; 

vuj; a, v-u, i; u-v, ^, J. 

Twebe equivalent positions: 

(1) xyz; y-x, X, z; y, x-y, z; 

X, y-x, z; yxi; x-y, y, 2; 

xyz; y-x, X, z; y, x-y, z; 

X, y-x, z; yxz; x-y, y, z. 

Spacs-Gboup Di. — (Hexagonal Axes.) 
Two equivalent positions: 

(a) 000; OOi. (c) i H; Hi 

(b)OOi; OOi (d)Hf; Hi 

Foiar equivalent positions: 

(e) OOu; OOQ; 0, 0, f-u; 0, 0, u+J. 

(f) ifu; Htl; iii-u; iiu+i 
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Space-Group D^ (continued). 
Six equivalent podtioDs: 

(g) uuO; OaO; QOO; uuf; Oai; tiOJ. 
(h) uvi; v-u, a, i; 9, u-v, J; 
vu}; G, v-u, i; u-v, ^, f 

Twelve equivalent positions: 

(i) xyz; y-x, x, z; y, x-y, z; 

X, y-x, z; yxz; x-y, y, 2; 

X, y, i-z; y-x, x, J-z; y, x-y, J-z; 

X, y-x, z+i; y, x, z+i; x-y, y, z+J. 

C. HEXAGONAL TETARTOHEDRY. 
Space-Group CJ. — (Hexagonal Axes.) 
One equivalent position: 

(a) OOu. 
Two equivalent positions: 

(b)i|u; Hu. 
Three equivalent positions: 

(e) Hu; Oju; JOu. 
Six equivalent positions: 

(d) xyz; y-x x, z; y, x-y, z; 
xyz; x-y, x, z; y, y-x, z. 
Space-Group CJ. — (Hexagonal Axes.) 
Six equivalent positions: 

(a) xyz; y-x, X, z+i; y, x-y, z-h}; 

X, y, z+i; x-y, x, z+f; y, y-x, z+J. 
Space-Group CJ. — (Hexagonal Axes.) 
Six equivalent positions: 

(a) xyz; y-x, x, z+J; y, x-y, z-hj; 

X, y, z+J; x-y, X, z+J; y, y-x, z-hf. 

Space-Group CJ. — (Hexagonal Axes.) 

Three equivalent positions: 

(a) OOu; 0, 0, u+l; 0, 0, u+i 

(b) Hu; 0, J, uH-J; i, 0, uH-f 

iSrx equivalent positions: 

(c) xyz; y-x, x, z+i; y, x-y, z+i; 
xyz; x-y, x, z+f; y, y-x, z+f 
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Space-Gboup Ce.— (Hexagonal Axes.) 

Three eqtdvalent positions: 

(a) OOu; 0, 0, u+i; 0, 0, u+f 
(b)iJu; 0, J, u+i; J, 0, u+f 

Six equivalent positions: 

(c) xyz; y-x, X, z+i; y, x-y, z+}; 
syz; x-y, X, z+J; y, y-x, z+|. 

Spacs-Gboup CJ. — (Hexagonal Axes.) 

Two equivalent positions : 

(a) OOu; 0, 0, u+J. (b)i}u; } i u+J. 

Six equivalent positions: 

(c) xyz; y-x, X, z; y, x-y, z; 

X, y, z+i; x-y, X, z+i; y, y-x, z+|. 

D. HEMIMORPHIC HEMIHEDRY. 
Spacs-Gboup CJy. — (Hexagonal Axes.) 
One equivalent position: 

(a) OOu. 
Two equivalent positions: 

(b)Hu; Hu. 
TAree equivalent positions: 

(c) Hu; Oju; iOu. 
Six equivalent positions: 

(d) uuv; Oav; tiOv; titiv; Ouv; uOv. 

(e) utlv; 2Q, a, v; u, 2u, v; tluv; 2u, u, v; Q, 20, v. 

Twdve equivalent positions: 

(f) xyz; y-x, X, z; y, x-y, z; 
xyz; x-y, X, z; y, y-x, z; 
X, y-x, z; yxz; x-y, y, z; 
X, x-y, z; yXz; y-x, y, z. 

Spacs-Gboup Cj^. — (Hexagonal Axes.) 

Two equivalent positions: 

(a) OOu; 0, 0, u+ J. 
Four equivalent positions: 

(b)Hu; Hu; i i u+i; i, |, u+i. 
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SPACE-GBom» Ce' (canHnued). 
Six equivalent positions: 

(c) Hu; Oiu; iOu; 

J, J, u+J; 0, i, u+i; J, 0, u+J. 

Ttoelve equivalent positions: 

(d) xyz; y-x, X, z; y, x-y, z; 
xyz; x-y, X, z; y, y-x, z; 

X, y-x, z+J; y, x, z+i; x-y, y, z+i; 
X, x-y, z+J; y, X, z+i; y-x, y, z+f. 

Spacb-Gboup CeV — (Hexagonal Axes.) 

Two equivalent positions: 

(a) OOu; 0, 0, u+i- 
Four equivalent positions: 

(b)i|u; i i u+J; fiu; J, i u+i. 
iStx equivalent positions: 

(c) uuv; Otlv; tlOv; 

% % v+J; 0, u, v+J; u, 0, v+J. 

Tt£?6lt« equivalent positions: 

(d) xyz; y-x, X, z; y, x-y, z; 

X, y, z+i; x-y, X, z+J; y, y-x, z+J; 

X, y-x, z; yxz; x-y, y, z; 

X, x-y, z+i; y, X, z+i; y-x, y, z+i. 

Spacb-Gboxjp CeV — (Hexagonal Axes.) 

Two equivalent positions: 

(a) OOu; 0, 0, u+i. (b) iju; i i, u+i 

Six equivalent positions: 

(c) uQv; 2Q, d, v; u, 2u, v; 

% u, v+i; 2u, u, v+i; Q, 2Q, v+i. 

Twelve equivalent positions: 

(d) xyz; y-x, X, z; y, x-y, z; 

X, y, z+i; x-y, X, z+i; y, y-x, z+i; 
X, y-x, z+i; y, x, z+i; x-y, y, z+i; 
X, x-y, z; yXz; y-x, y, z. 

E. PARAMORPHIC HEMIHEDRY. 
Spacb-Gboup Cen.— (Hexagonal Axes.) 
One equivalent position: 

(a) 000. (b)00i. 



Digitized by 



Google 



THE HEXAGONAL SPACE-GROUPS Ci-Dj. 163 

Space-Group Ci (cardinited). 
Two equivalent positions: 

(c) HO; HO. (e) OOu; OOa. 

(d)i!i; §H. 
Three equivalent positions: 

(f) HO; ojo; joo. (g)Hi; OH; ioj. 

Four equivalent positions: 

(h)Hu; Hu; i|ti; §iti. 
&ix equivalent positions: 

(i) Hu; OJu; iOu; Hti; ojti; ioa. 

(i) uvO; v-u, a, 0; 



^, u-v, 0; 
V, V— u, 0. 
% u-v, i; 
V, v-u, J. 



dtO; u— V, u, 0; 

(k) uvj; v-u, a, i; 

Qti; u-v, u, i; 

Twdoe equivalent positions: 

G) xyz; y-x, x, z; y, x-y, z; 
xyz; x-y, x, z; y, y-x, z; 
xyz; y-x, x, 2; y, x-y, z; 
xyg; x-y, X, z; y, y-x, z. 

Space-Gboup Cefc. — (Hexagonal Axes.) 
Two equivalent positions: 

(a) 000; OOi. (c) HO; Hi- 

(b)OOi; ooi (d)Hi; fio. 

Four equivalent positions: 

(e) OOu; OOG; 0, 0, J-u; 0, 0, u+J. 

(f) i*u; ija; i I, i-u; f, *, u+J. 

jStx equivalent positions: 

(g)Hi; OH; ioi; HI; oH; ioj. 

(h) uvO; v-u, a, 0; ^, u— v, 0; 
a^i; u-v, u, J; V, v-u, f 

Twdoe equivalent positions: 

(i) xyz; y-x, x, z; y, x-y, z; 

X, y, z+i; x-y, X, z+i; y, y-x, z+J; 

xyz; y-x, X, z; y, x-y, 2; 

ic, y, J-z; x-y, X, i-z; y, y-x, i-z. 

P. ENANTIOMORPHIC HEMIHEDRY. 
Spacs-Gboup De. — (Hexagonal Axes.) 
On€ equivalent position: 

(a) 000. (b) OOJ. 
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SpAC£-GBom» Dj {canUnuei). 
Two equivalent podtions: 

(c) i|0; HO. (e) OOu; OOa. 

(d)ifi; Hi. 

Three equivalent positions: 

Cf) HO; oiO; too. (g) Hi; Oil; JOi. 

Four equivalent positions: 

(h)iiu; IJu; HQ; ifO. 
Six eqmvalent positioiis: 



(i) Hu; 


Oiu; 


iOu; Htt; 


OH; 


ioa. 


(i) uuO; 


OQO; 


QOO; aoO; 


OuO; 


uOO. 


(k) uui; 


Ofli; 


QOi; flttj; 


OuJ; 


uOi 


(I) uao; 


2Q, Q, 


0; u, 2u, 0; 


tluO; 


2u, u, 0; a, 2Q, 0, 


(m)uai; 


2Q, a, 


i; «, 2u, i; 


ttuj; 


2u, u, h % 2Q, i 



Ttoelve equivalent positions: 

(n) xyz; y-x, X, z; y, x-y, a; 

xya; x-y, x, z; y, y-x, z; 

X, y-x, 2; yx2; x-y, y, 2; 

X, x-y, i; yXz; y-x, y, 2. 

Spacb-Gboxtp I^. — (Hexagonal Axes.) 

Six equivalent positions: 

(a) OuO; uO}; na}; 0Q|; tlOf; uui. 

(b)uQS; 2Q, fi, i; u, 2u, ^; ttuH; 2u, u, i; fl, 2Q, f,. 

Twelve eqmvalent positions: 

(c) xyz; y-x, x, »+i; y, x-y, z+i; 

*» ?, a+i; x-y, X, z+t; y, y-x, z+i; 

X, y-x, 2; x-y, y, |-z; y, x, i-z; 

X, x-y, J-z; y-x, y, i-z; y, X, |-z. 

Spacb-Gboup DJ. — (Hexagonal Axes.) 

Six equivalent positions: 

(a) OuO; uO}; fiai; Oa}; aOi; uu|. 
(b)uQ^; 2Q, Q, i; u, 2u, S; Oua; 2u, u, i; fl, 2Q, }i 
Twdve equivalent positions: 

(c) xyz; y-x, X, z+i; y, x-y, z+J; 

X, y, 8+1; x-y, X, 2+t; y, y-x, z+f; 

X, y-x, 2; x-y, y, i-z; y, x, f-z; 
X, x-y, i-z; y-x, y, f-z; y, X, i-z. 
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Spacs-Gboxtp DJ. — (Hexagonal Axes.) 
Three equivalent poeitionfl: 

(a) 000; OOf; OOf 

(b) OOi; OOi; OOf. 

Six equivalent positions: 



(c) Hi; 
(d)Hf; 



OiO; 

oii; 



iof 
ioi. 



(e) OOu 
OOQ 

(f) Hu 

|oa 

(g) uui 

(h)uuf 
(i) uQi 

0) «flf 



0, 0, u+i; 
0, 0, J-u; 
0, i, u+i; 
0, i, i-u; 
OQO; aOi; 
OQi; tlOi; 
u. 



0, 0, u+i; 
0, 0, i-u. 
i, 0, u+i; 
i, i, i-u. 

aoi; OuO; 

ttQf; 



2Q, a, 0; u, 2u, i; 
2Q, a, i; u, 2u, i; 

Twdve equivalent positions: 

(k) xyz; y-x, S, s+|; 

xys; x-y, X, a+i; 

X, y-x, 2; x-y, y, i-«; 
X, x-y, 2; y-x, y, J-a; 

Spacb-Gboup D*. — (Hexagonal Axes.) 
Three equivalent positions: 

(a) 000; OOi; OOf 

(b) OOi; OOf; OOi 

Six equivalent positions: 

(e) OOu; 0, 0, u+i; 
OOfl; 0, 0, 1-u; 

(f) Hu; 0, i, u+J; 
iOfl; 0, i, i-u; 

(g)uui; Otti; aOf; 

(h)uu|; OOO; flOJ; 

(i) utti; 2Q, Q, i; u, 

a) uOi; 2Q, 0, 0; u, 2u, i; 

Trodoe equivalent positions: 

(k) xyz; y-x, X, «+i; 

x-y, X, «+i; 



Oui; 
Qui; 
ttut; 



uOf. 

uOi. 
2u, u, 0; 
2u, u, i; 



y, x-y, z+i; 
y, y-x, «+i; 
y. X, i-z; 

y, *, i-z. 



(c) iii; 
(<i)iii; 



0, 0, u+i; 
0, 0, J-u. 
i, 0, u+i; 
i, i, i-u. 
flat; Oui; 

floi; 
2u, f; 



oii; 

OiO; 



OuO; 
tlui; 
tlui; 



y, x-y, z+i; 
y, y-x, z+l; 



xyz; 

X, y-x, 2; x-y, y, f-z; y, x, i-z; 
X, x-y, 2; y-x, y, |-z; y, X, i-z. 

Spacb^Sbovp DJ. — (Hexagonal Axes.) 

TxDO equivalent positions: 

(a) 000; OOi. (c) iii; iii 

(b)00i; 00 J. (d)iii; iii. 



a, 2Q, i. 
a, 2Q, i. 



iof. 
ioi. 



uOf. 
uOi 
2u, u, i; 
2u, u, 0; 



a, 2Q, |. 

a. 2a, i. 
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Space-Gboup De (eanUnued). 
Four equivalent positions: 

(e) OOu; a; 0, 0, u+i; 0, 0, J-u. 

(f) Hu; iif^; iiu+i; i I, J-u. 
/Six equivalent positions: 

(g) uuO; OaO; a 0; Qtii; OuJ; uOj. 
(h)uai; 2Q, a, i; u, 2u, J; tiuf; 2u, u, f ; a, 2Q, f . 

Twelve equivalent positions: 

(i) xyz; y-x, X, z; y, x-y, z; 

X, y, «+i; x-y, X, z+i; y, y-x, z+i; 

S, y-x, z; x-y, y, 2; yxz; 

X, x-y, l-z; y-x, y, J-z; y, X, J-z. 

G. HOLOHEDRY. 
SpACE-GRom» Di, — (Hexagonal Axes.) 
One equivalent position: 

(a) 000. (b)00|. 

TiDo equivalent positions: 

(c) i|0; HO. (e) OOu; OOQ. 

(d)iH; Hi. 
Three equivalent positions: 

(f) iiO; OJO; iOO. (g) Hi; OJJ; JOJ. 

Four equivalent positions: 

(h) Hu; Hu; HiX; iffl. 

iSix equivalent positions: 

(i) Hu; OJu; JOu; Htl; OJa; JOQ. 

(j) uuO; OQO; aOO; iXnO; OuO; uOO. 

(k)uui; OQJ; aOi; Qtii; OuJ; uOJ. 

0) uaO; 2a, a, 0; u, 2u, 0; QuO; 2u, u, 0; a, 2Q, 0. 

(m)utii; 2Q, % i; u, 2u, i; Qu J; 2u, u, J; Q, 2Q, J. 

Tti^elt^ equivalent positions: 

(n) uuv; OQv; aOv; Qtlv; Ouv; uOv; 

uu^; Oa^; aO^; ao^; Ou^; uO^. 
(o) utlv; 2Q, a, v; u, 2u, v; Ouv; 2u, u, v; Q, 2(1, v; 

uQ^; 2Q, Q, ^; u, 2u, ^; tiuv; 2u, u, ^; a, 20, 9. 
(p) uvO; V— u, Q, 0; ^, u— v, 0; 

Q^O; u— V, u, 0; v, v— u, 0; 

Q, V— u, 0; u— V, ^, 0; vuO; 

u, u— V, 0; v-u, V, 0; ^QO. 
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Spacb-Groitp Da 


(amtmtud). 






(q) uvi; 


v-u, Q, i; 


t, u- 


-V. i; 


QVi; 


u-v, u, §; 


V, V- 


-u, i; 


Q, V- 


-u, i; u-v, V, i; 


vu§ 


► 


u, u- 


-V, i; v-u, V, i; 


^fli 




Twenty-four equivalent positions: 






(r) xya; 


y-x, X, a; 


y, X- 


y, z; 


xya; 


x-y, X, «; 


y, y- 


X, z; 


X, y- 


■X, 2; x-y, y, «; 


yx*; 




X, X- 


•y, «; y-x, y, «; 


yM; 




xy«; 


y-x, X, «; 


y, X- 


y, 2; 


xy«; 


x-y, X, 8; 


y, y- 


X, «; 


*, y- 


■X, z; x-y, y, z; 


yx«; 




X, X- 


y, 2; y-x, y, «; 


yx«. 




SpACB-GBonp Dm>- 


—(Hexagonal Axes.; 


1 




Ttoo equivalent positions: 






(a) 000; 


OOi (b)OOJ; 


OOf 



Four equivalent positions: 

(c)ifO; HO; ili; Hi. 

(d)Ui; fii; HI; ili 

(e) OOu; OOtt; 0, 0, §-u; 0, 0, u+f 
Six equivalent positions: 

(f) HO; 0§0; §00; Hi; Oii; fOf 
(g)iii,- Oii; iOl; §§}; 0§}; §0}. 

Eh^U equivalent positions: 

(h)Hu; fiu; f, J, u+§; J, f, u+i; 

HO; Htt; i i i-u; i I, i-u. 

Twelve equivalent positions: 
(i) Hu; 0§u; iOu; 
Htt; OH; ioo; 
§, §, §-u; 0, §, §-u; §, 0, i-u; 
i, i u+l; 0, i u+l; i 0, u+§. 



0) uuO 

uu} 

(k) uflO 

ua§ 

a) uvi 
vuf 



OaO; ft 00; flaO; OuO; uOO; 

oaf; flO§; aa§; Oui; uOf 

2a, a, 0; u, 2u, 0; Q u 0; 2u, u, 0; Q, 2a, 0; 

2a, a, i; u, 2u, §; OuJ; 2u, u, i; 0, 2a, f 

v-u, a, I; % u-v, J; 

u-v, V, J; V, v-u, i; 

0, v-u, I; u-v, V, f; 

u, u-v, i; v-u, V, i 
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THE HEXAGONAL SPACB-OBOXJPS Dn-D4. 



Spacb-Gboitp D4 (continued). 

Tweniy-four equivalent podtiooB: 



y-x, X, z; 
x-y, X, a; 
x-y, y, 8; 
y-x, y, «; 

y-x, X, §-z; 

x-y, X, i-»; 
x-y, y, 2+i; 



y, x-y, 2; 
y, y-x, »; 

yx8; 

yM; 

y, x-y, §-z; 

y, y-x, i-«; 

y, X, z+§; 



(m) xyz; 

xy«; 

X, y-x, 8; 
X, x-y, 8; 

X, y, 1-2; 
X, y, i-»; 

X, y-x, z+i; 

X, x-y, z+§; y-x, y, z+§; y, X, z+f 

Spacb-Gboitp D^' — (Hexagonal Axes.) 
Tv)o equivalent positions: 

(a) 000; OOf (b) OOi; OOf 

Fvwr equivalent positions: 

(c) ifO; Hi; fiO; iff 

(d)ili; HI; Hi; iff 

(e) OOu; OOtt; 0, 0, i-u; 0, 0, u+f 
Six equivalent positions: 

(f) iii; Oii; iOi; iii; Oil; iOf. 

(g) uuO; OHO; aOO; aoi; Oui; uOf 
EigU equivalent positions: 

(h)iiu; Hu; i i, u+i; i, |, u+i; 
iia; Htt; i i, i-u; i, i i-u. 

Tvodoe equivalent positions: 

(i) ufll; 2Q, Q, i; u, 2u, i; tluf; 

ufll; 2Q, a, i; u, 2u, }; tlui; 
(j) uvO; V— u, a, 0; t, u— v, 0; 

flvi; u-v, u, i; 

vuO; 0, V— u, 0; 

VQi; u, u-v, i; 
(k) uuv; OOv; 

uut; OflV; 

% a, v+i; 0, u, v+i; 

tt. tt, i-v; 0, u, i-v; 
Twenty-fovr equivalent positions: 
(1) xyz; y-x, X, z; 

X, y, »+i; x-y, X, z+i; 



2u, u, i; tt, 2a, i; 
2u, u, i; tt, 2a. i. 



V, u-v, i; 

u-v, V, 0; 

v-u, V, i. 

aOv; 

aov; 

u, 0, v+i; 
u, 0, i-v. 



X, y-x, 2; 

X, x-y, i-z; 
xy8; 

X, y, i-a; 

X, y-x, z; 
X, x-y, »+i; 



y, x-y, z; 
y, y-x, z+i; 
yxz; 



x-y, y, 2; 

y-x, y, i-z; y, x, i-z; 

y-x, X, 2; y, x-y, 2; 
x-y, X, i-z; 
x-y, y, z; 
y-x, y, z+i; 



y, y-x, i-z; 
yxz; 

y, X, z+i. 
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Spac]&-Gboup D«ji. — (Hexagonal Axes.) 
Two equivalent positionB : 

(a) 000; OOJ. (c) Jfi; f Ji 

(b)OOi; OOf (d)iH; IH. 

Four equivalent positions : 

(e) OOu; 00; 0, 0, i-u; 0, 0, u+J. 

(f) Hu; i J, u+i; Ha; i f, J-u. 

iSix equivalent positions: 

(g) HO; ojo; joo; Hi; OH; ioj. 

(h) ufli; 20, 0, i; u, 2u, i; Ouf; 2u, u, f; 0, 20, f 
Tioebe equivalent positions: 

(i) uuO; 0; 0; J; Oui; uOJ; 

uuj; OOJ; OOJ; 000; OuO; uOO. 
(i) uvi; v-u, 0, i; ^, u-v, i; 

O^i; u-v, u, I; v, v-u, f; 

vuf; 0, v-u, i; u-v, ^, f; 

^Oi; u, u-v, J; v-u, v, i 
(k) uOv; 20, 0, v; u, 2u, v; 

Ou^; 2u, u, 9; 0, 20, 9; 

u, 0, J-v; 20, 0, J-v; u, 2u, J-v; 

H, u, v+J; 2u, u, v+J; 0, 20, v+J. 

r«?en/y-/ottr equivalent positions: 

(1) 3cyz; y-x, x, z; y, x-y, z; 

«, y, z+4; x-y, X, z+J; y, y-x, z+i; 

S, y-x, 2; x-y, y, z; yxf; 

X, x-y, i-z; y-x, y, J-z; y, X, i-z; 

X, y, i-z; y-x, X, J-z; y, x-y, J-z; 

xyz; x-y, X, z; y, y-x, z; 

X, y-x, z+J; x-y, y, z+J; y, x, z+J; 

X, x-y, z; y-x, y, z; yXz. 
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TABLES. 

The following tables provide a summary of the number and kinds of the 
different arrangements to be obtained from each of the spaoe-groups. In 
these tabulations the symbol 1 (0), for instance, signifies one arrangement 
(a special case) having no variable parameters; similarly the symbol 3 (2) 
would mean three arrangements having two variable parameters each. 

Table 3.— TRICUNIC SYSTEM. 



Space-Group. 


Number of 
equivalent poritions. 


1 


2 


A. Hemihedry: 
Ci 


1(3) 
8(0) 


1(3) 


B. Holohedry: 
C? 





Table 4.— MONOCUNIC SYSTEM. 



Space-Group. 



Number of equivalent positioiis. 



A. Hemihedry: 

CI 

c: 

c: 

c: 

B. Hcffittnorpkic 
hemihedry: 

CJ 

CJ 

CJ 

C. Holohedry: 

Ck 

Ck 

Ci. 

Ck 

Ck 

Ck 



2(2) 



4(1) 



8(0) 



1(3) 
1(3) 
1(2) 



1(3) 
1(3) 
2(1) 



4 (1); 2 (2) 
4 (0); 1 (2) 

4(0) 

4 (0); 2 (1) 
4(0) 



(3) 
(3) 



1(3) 



1(3) 
1(3) 
2(0) 
2(1) 
.1(2) 
1(3) 
1(3) 
4 (0); 1 (1) 



1(3) 



1(3) 
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! w CO CO w « w w ^ ^w w w 

>— <' >w.' N*^ >«-• >»• N— ' N— «* , ^ >»• V-X >»-^ S^ 

(N CM CS ^ 

W W W CO W coco M W W ^ cT^W^^ "^ ^^ ic^'Cn'^ 

V-X V-X Nw' >w«' N-^ N—' N.-' >«-«' ■S—' N-*' .^S.^N-^N—' ,^ , ^ V-X %«• | S-> >w^ ,^ 

^-l,.Hi-H^-li-Hi-Hi-Hl-<i-Hf-H^f-HCOCO^^»Hi-« 'CflCfl^IJ* 

^ C< ^ 1-1 

^^^•^ l^c^*^ i^^.* !^ !.! !Ch ; 

>w«' S-*' V-X , ^ . N-^ V-X N—' , V-X >w^ , ^ V-X , , | ] ' V^ ] 

CM 

^-s 

•^ • • • • '.'.::::: 

I n M N M N ; M ; M H H I l 



OQ 
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tables: orthobhombic system. 



o 



5 






g 

o 

I 

3 

5 



I 
I 



I 



M 



r* 



. 00 CO ^H CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO 

, V-*'N.^V-XV-X>..^ >,.^ >,.^ V.X >,.^ >,.^ >„^ >.^ S.^ S,^ V.^ V.^ >*^S»*'S-^N-^ 

^ 1-1 l-H <0 l-< ^ ^ ^ ^ rt rt rt ^ rH rt l-H ^ ^^^^ 



cocococo»-<»-«o»-^i-* 

Sm> V-X >W«' S.-^ >.-• >.-• V-^ >.-^^>.-.' 

^^^^e^t«'^<Dco 



*-<C<»-HC««*-<C<i^C^»-H 



^«0 »H «0 CO N i-i CO w 



c^ggg^^^g 



N-^ %-• N-^ %-• N— ' S»^ V-^ >.• >*•*■ ■ V ' 

csioocsicsic<cocvicsiw 



c« c< c^ 



*^ i-< ^-« . . o . o 



N -^ <N 



C^ ^ 00 '^t* S^ .' ^ '. <^ 



o ^ 



00 



g, 

00 



OQ 



j>.5-?.^5.5-$-5.5. |>^5-'5>-5--^-5-V5--$-V >- >->->-&►- 
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tables: tetragonal system. 

Table 6.— TETRAGONAL SYSTEM. 



Space-Group. 



Number of equivalent positions. 



16 



32 



A, Tetariohedry of the 
second Sort: 



SI 



4(0) 



B. Hemihedry of the 
cecondSort: 



n. 



4(0) 



3(1) 
4(0) 



2 (0); 2 (1) 

6(0) 
2 (0); 1 (1) 

2(0) 

4(0) 






C. Tetartohedry: 



Ci. 
CJ. 
CJ. 
CJ. 
CJ. 
CJ. 



2(1) 



D. Paramorphic 
hemihedry: 

CJ, 

Cjh 

c;„ 

CJh 



4(0) 



2(0) 

1(1) 

3(1) 

iVi) 



2 (0); 2 (1) 

6(0) 
2 (0); 1 (1) 

2(0) 

2(0) 



■'ih- 



1(3) 
2(1) 



5 (1); 1 (2) 
7(1) 

1 (1); 1 (2) 

2(1) 
3(1) 
4(0) 
4(0) 
4(0) 
4(0) 

2(6)Vi(l) 
2(0) 



1(3) 
1(3) 
1(3) 
1(3) 
1(1) 
1(1) 



1 (1); 2 (2) 
3 (1); 1 (2) 

2 (0); 1 (1) 
2 (0); 2 (1) 

2 (0); 1 (1) 

2(0) 



1(3) 



1(3) 
1(3) 
1(3) 
1(3) 

2 (1); 2 
5(1) 
4(1) 
4(1) 
2(1) 
4(0) 

3(1); 1 
2(1) 



(2) 



(2) 



1(3) 
1(3) 
1(3) 
1(3) 
(1); 1 (2) 
4(1) 
1(3) 
1(3) 



1(3) 
1(3) 



1(3) 
1(3) 




1(1) 



1(3) 
1(3) 
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Space-Group. 



Number of equivalent positions. 



16 



32 



E, Hemimarphic 
hemihedry: 
C4V. 



C4V. 

a. 
a. 

CJ.. 
C.%. 

Cll 
4t- 



2(1) 



F, Enantiomorphic 
hemihedry: 

DJ 

DJ 

DJ 

DJ 

DJ 

DJ 

DJ 

DJ 

DJ 

DJ' 



0. HoUthedry: 






d:, 



A^4h 

4h- 

Dn 
4h- 
DM 
4h- 



4h- 

DU 
4k- 
Dl» 



4(0) 



4(0) 



1(1) 
2(1) 
2(1) 
1(1) 
2(1) 
1(1) 
3(1) 

1(1) 



2 (0); 2 (1) 
2 (0); 1 (1) 



6(0) 
2(0) 



2(0) 



2 (0); 2 
4(0) 
4(0) 
2(0) 
4(0) 
2(0) 

2 (0); 1 

6(0) 
4(0) 

2(0) 

2(0) 
2(0) 

2(0) 



(1) 



(1) 



3(2) 

1(2) 

1 (1); 1 

1 (1); 1 

1(1) 
1(1) 

2(2) 
2(1) 

1(1) 
2(1) 
1(1) 



7(1) 
3(1) 
3(1) 
1(1) 
9(1) 
4(1) 
3(1) 
1(1) 
(0); 1 
2(0) 



(1) 



(1) 
(1) 
(1) 



7(1) 
2 (0); 2 (1) 
2 (0); 2 (1) 
2 (0); 1 (1) 

4(1) 
2 (0); 1 
2 (0); 1 
2 (0); 1 

7(1) 
2(0); 4(1) 

4(0) 
4 (0); 1 (1) 

4(0) 
2 (0); 3 (1) 

2(1) 
4 (0); 1 (1) 
2 (0); 1 (1) 

4(0) 

2(0) 



1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
2(2) 
1(2) 
1(2) 
1(1) 



1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
5(1) 
4(1) 



5(2) 
4 (1); 1 (2) 

4 (1); 1 (2) 

1 (0); 4 (1) 

3(2) 

2 (1); 1 (2) 

2 (1); 2 (2) 
1 (0); 2 (1) 

1(1); 3 (2) 

3 (1); 2 (2) 
1 (0); 5 (1) 

5 (1); 1 (2) 
3 (1); 1 (2) 
1 (1); 2 (2) 

1 (0); 1 (1); 1 (2) 
3 (1); 1 (2) 

1 (0); 4 (1) 
1(0); 3(1) 

2 (0); 1 (1) 

2(0) 



1(3) 
1(3) 
1(3) 
1(3) 



(3) 
(3) 



(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 

1 (1); 3 (2) 

2 (1); 2 (2) 
2 (1); 1 (2) 
1 (0); 3 (1) 



1(3) 
1(3) 
1(3) 
1(3) 
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tables: cdbic ststem. 
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tables: hexagonal ststeh. 



Tabu 8.— HEXAGONAL SYSTEM. 

I. RHOMBOBaDBAL DiTISIOir 



Space-Group. 



A. TeUtrtohelry: 

CJ 

CJ 

CJ 

CJ 



B. Paramarphic 
hemihedry: 



CJ.. 
CJ.. 



C. Hemimarpkic 
hemihedry: 



CJ,. 
CJ,. 
CJ,. 

CJv. 

CJ,. 



D. Etumtiomorpkie 
hemihedry: 

DJ 

DJ 

DJ 

DJ 

DJ 

DJ 

DJ 



E. Holohedry: 



DL 



Numb« of equivalent positions. 



3(1) 



1(1) 



2(0) 
2(0) 



3(1) 
1(1) 



1(1) 



6(0) 
2(0) 



2(0) 



2(0) 



2(0) 
2(0) 



2(1) 
1(1) 



1(1) 
3(1) 
2(1) 

i'(i) 



3(1) 
2(1) 



1(1) 



2 (0); 1 (1) 
4(0) 
2(1) 
2(0) 
1(1) 
2(0) 



1(3) 
1(3) 
1(3) 
1(3) 



2(0) 
2(0) 



1(2) 
1(2) 



1(2) 



2(1) 
2(1) 
2(1) 
2(1) 
2(1) 
2(1) 
2(1) 



2(0) 
2(b) 
2(0) 



1(1) 
2(1) 

2(1) 

iVi) 



(3) 
(3) 



1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 



(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 



12 



2(1); 
1(0); 
2(1); 
1(0); 
2(1); 
1(0); 



1(2) 
1(1) 
1(2) 
1(1) 
1(2) 
1(1) 



1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
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